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Recent models for the evolution of the Himalaya and adjacent regions have changed our 
understanding of how large mountain belts form. The key data that govern these models has 
largely been extracted from the exhumed mid-crustal core of the orogen, the Greater Himalayan 
sequence, and its bounding structures. Targeted mapping in the Likhu Khola region was carried 
out across the Greater Himalayan sequence as the initial phase of a project aimed to evaluate the 
viability of those models. The exhumed mid-crustal core in the study area exposes upper 
greenschist to upper amphibolite grade metamorphic rocks that have been pervasively deformed 
by ductile shearing. Mantled porphyroclasts and c, c’ and s fabrics record top-to-the-south 
directed shear. As with most transects across the Himalaya, metamorphic grade increases up 
structural section.  Pressure and temperature estimates using THERMOCALC v.3.26 in average-
PT mode with the internally consistent data set of Holland & Powell (1998) were conducted on 
eleven specimens at different structural positions. Temperatures increase slightly up structural 
section but become constant within error for the upper portion of the study area. Pressure 
estimates increase up structural section followed by an abrupt pressure decrease once partial-
melting increases to form migmatitic rocks. This may indicate a potential tectonometamorphic 
discontinuity that separates two distinct domains that have different structural, thermal and 
metamorphic histories (e.g., Larson et al, 2010a; Yakymchuk and Godin, 2012). In situ U-Th-Pb 
Monazite geochronology was utilized on six of the specimens used for P-T analyses to constrain 
the P-T data. Multiple domains of ages were obtained ranging from 27.2 Ma to 15.1 Ma and are 
interpreted to represent several recorded metamorphic events. These metamorphic events are best 
interpreted in conjunction with the relative concentration of trace elements present at each U-Th-
Pb data point that was collected using a split stream LA-MC-ICP-MS. More specifically, certain 
   
 iii 
rare earth elements provide insight into whether garnet was growing, resorbing into melt or being 
homogenized at high temperatures during specific U-Th-Pb age dates. The relationships between 
metamorphism, crustal melting, P-T conditions and monazite/garnet growth and resorption are 
critical to evaluating if current models proposed for the evolution of the Himalaya are applicable 


























The creation of this thesis wouldn’t have been possible without the support from 
numerous people. Many thanks goes to Dr. Kyle Larson whose initiation of this project and 
selection of myself for graduate research made my dreams of a mountainous Masters project 
come true. The University of Saskatchewan is thanked for the usage of facilities and the 
Professors for stimulating discussions. Saskatchewan Research Council for usage of analytical 
facilities and Microprobe time with Dr. Creighton. Dr. Cottle and G. Lederer at the University of 
Santa Barbara for assistance with laboratory analyses. The support of my family and friends is 




























TABLE OF CONTENTS 
page 
 
PERMISSION TO USE....................................................................................................... i 
ABSTRACT........................................................................................................................ ii 
ACKNOWLEDGMENTS ................................................................................................. iv 
TABLE OF CONTENTS.....................................................................................................v 
LIST OF TABLES............................................................................................................ vii 
LIST OF FIGURES ......................................................................................................... viii 
1. THE HIMALAYAN OROGEN ......................................................................................1 
1.1 Introduction................................................................................................................... 1 
1.2 Orogenic evolution........................................................................................................ 1 
1.3 Lithotectonic units and structure................................................................................... 5 
1.4 Metamorphism .............................................................................................................. 6 
1.5 Evolution of the Greater Himalayan sequence ............................................................. 7 
1.6 Problems in Himalayan Geology .................................................................................. 8 
1.6.1 Contrasting mdoels for GHS evolution.................................................................. 8 
1.6.2 Evidence supporting the models .......................................................................... 10 
1.7 The Likhu Khola region.............................................................................................. 12 
1.7.1 Previous work ...................................................................................................... 12 
1.7.2 Objectives ............................................................................................................ 13 
 
2. GEOLOGY OF THE LIKHU KHOLA, EAST-CENTRAL NEPAL ...........................15 
2.1 Introduction................................................................................................................. 15 
2.2 Lithotectonic units ...................................................................................................... 15 
2.2.1 Introduction.......................................................................................................... 15 
2.2.2 Augen orthogneiss ............................................................................................... 17 
2.2.3 Micaceous phyllitic schist with intercalations of marle and calc-silicate............ 20 
2.2.4 Graphitic schist .................................................................................................... 22 
2.2.5 Quartzite............................................................................................................... 24 
2.2.6 Quartz + muscovite + feldspar + biotite ± garnet schist ...................................... 25 
2.2.7 Alumnosilicate-bearing bearing migmatitic gneiss ............................................. 26 
2.2.8 Sillimanite bearing migmatite.............................................................................. 29 
2.2.9 Augen orthogneiss ............................................................................................... 30 
2.3 Structral observations.................................................................................................. 30 
2.3.1 Field observations ............................................................................................... 30 
2.3.2 Quartz lattice preferred orientation (LPO) analyses ........................................... 35 
2.4 Metamorphic observations.......................................................................................... 38 
2.5 Crustal melting............................................................................................................ 41 
2.6 Discussion ................................................................................................................... 41 
 vi 
3. MINERAL CHEMISTRY, GEOTHERMOBAROMETRY AND U-TH-PB 
GEOCHRONOLOGY OF ROCKS IN THE LIKHU KHOLA REGION, EAST-CENTRAL 
NEPAL...............................................................................................................................47 
3.1 Introduction................................................................................................................. 47 
3.2 Metamorphic Zonation................................................................................................ 48 
3.2.1 Garnet zone I........................................................................................................ 48 
3.2.2 Garnet zone II ...................................................................................................... 50 
3.2.3 Kyanite zone ........................................................................................................ 50 
3.2.4 Sillimanite zone ................................................................................................... 51 
3.3 Mineral chemistry and texture .................................................................................... 51 
3.3.1 Methodology ........................................................................................................ 51 
3.3.2 Results ................................................................................................................. 52 
3.4 Metamorphic P-T estimates ....................................................................................... 58 
3.4.1 Methodology ........................................................................................................ 58 
3.4.2 Results ................................................................................................................. 60 
3.5 U-Th-Pb monazite geochronology and trace element analysis................................... 67 
3.5.1 Methodology ........................................................................................................ 67 
3.5.2 Results ................................................................................................................. 70 
3.6 Discussion ................................................................................................................... 80 
 
4. CONCLUSIONS AND FUTURE RESEARCH ...........................................................87 
4.1 Lithologic, deformational and metamorphic framework ........................................... 87 
4.2 Pressure and temperature (P-T) estimates................................................................... 88 
4.3 Geochronology and trace element constraints ........................................................... 88 
4.4 Which model fits? ...................................................................................................... 89 
4.5 Future work ................................................................................................................ 90 
 
REFERENCES ..................................................................................................................91 
APPENDIX 1: Station and structural information...........................................................105 
APPENDIX 2: Complete Microprobe compositional data .............................................109 
APPENDIX 3: Complete Trace Element data ................................................................156 
  vii 
LIST OF TABLES 
  
Table 1: Mineral compostions used for P-T calculations in THERMOCALC.....................61 
Table 2: Results from THERMOCALC v3.26 in average-PT mode ...................................62 
Table 3:  P-T calculations using Gt-Bt-Plag geothermobarometer of Wu et al., (2006a) ...63 
Table 4:  Complete U-Th-Pb monazite age data...................................................................71 
 
 
  viii  
LIST OF FIGURES 
  
Figure 1.1:  Overall view of the study area in context of the Himalaya .................................2 
Figure 1.2:  Evolution of India and Eurasia from Paleozoic to late Eocene ...........................4  
Figure 1.3:  Tectonic models for the Himalayan Orogen .......................................................9 
Figure 2.1:  Geologic map overview of the Likhu Khola study area.....................................16 
Figure 2.2:  Simplified cross section of the Likhu Khola study area ....................................18 
Figure 2.3:  Photographs of rock specimens from the Likhu Khola .....................................19 
Figure 2.4:  Photographs of rock specimens from the Likhu Khola .....................................21 
Figure 2.5:  Photographs of rock specimens from the Likhu Khola .....................................23 
Figure 2.6:  Photographs of rock specimens from the Likhu Khola .....................................27 
Figure 2.7:  Photographs of rock specimens from the Likhu Khola .....................................28 
Figure 2.8:  Photographs of rock specimens from the Likhu Khola .....................................31 
Figure 2.9:  Foliation and lineation meaurements from the Likhu Khola study area ............33 
Figure 2.10:  Photographs of rock specimens from the Likhu Khola ...................................34 
Figure 2.11:  Stereographic projection of quartz c-axis orientations ....................................37 
Figure 2.12:  Temperature estimate based on quartz c-axis opening angles .........................39 
Figure 2.13:  Lithotectonic correlations between previous studies .......................................43 
Figure 3.1:  Simplified map of metamorphic zones in the Likhu Khola study area .............49 
Figure 3.2:  Transects of checmical composition across garnet grains .................................53 
Figure 3.3:  Chemical maps of representative garnet grains .................................................55 
Figure 3.4:  P-T estimates plotted on a KFMASH petrogenetic grid ...................................64 
Figure 3.5:  P-T estimates plotted next to a structural section...............................................65 
Figure 3.6:  Concordia plots of monazite U-Th-Pb age data ................................................75 
Figure 3.7: Textural setting and spot locations in representative monazite grains ...............77 
Figure 3.8: Monazite trace element data plots ......................................................................78 
  ix  




 CHAPTER 1 
 
THE HIMALAYAN OROGEN 
 
1.1 Introduction 
Mountain belts are some of the most imposing geologic features on Earth with none more 
so than the Himalaya. The Himalaya are home to the highest topography on the planet and sit at 
the nexus of dynamic interaction between tectonics, landscape development, global atmospheric 
circulation, and climate patterns (Molnar and England, 1990; Burbank et al., 1993; Ruddiman, 
1997; Owen, 2006). 
The Himalayan orogenic belt extends laterally for over 2500 km from Pakistan in the 
west to Bhutan in the east and forms the southern margin of the Tibetan Plateau (Figure 1.1A). 
This iconic mountain range serves as the modern-day paradigm of orogenesis, but due to 
remoteness, oppressive topography and political instability it has only recently become the 
subject of earnest geologic research. The insights gained from this well-exposed and evolving 
orogenic system can be applied to our understanding of orogenic events that have occurred in the 
past across the globe.  
 
1.2 Orogenic evolution 
The precursor to actual continental collision between India and Eurasia, which serves as 
the engine behind the continuing rise of the Himalaya and the Tibetan plateau, was the breakup 
of the Gondwana supercontinent and the subduction of the Indian plate beneath the southern 
margin of the Eurasian plate during the closing of the intercontinental Tethys sea (Hodges, 
















































P - Peshawar basin
K - Kashmir basin
S - Sutlej basin
SSZ - Shyok suture zone
MKT - Main Karakoram Thrust
ZSZ - Zanskar Shear zone




















































Figure 1.1 - A) Shaded relief map of the Indian and Eurasian plates showing the post-collisional uplifted 
Himalayan orogenic arc. Black rectangle outlines the region shown in B. B) Simplified geologic map of 
the Himalayan orogen. Study area investigated as part of this thesis is outlined with a black box. Modi-
fied from Searle et al. (2008). C) Simplified vertical geologic section along the line A’ to B’ as shown 









the collision and docking of exotic terranes through Early Proterozoic to Cretaceous time, 
culminating with the Lhasa (east) and Karakorum (west) blocks accreting in the Early 
Cretaceous (Allégre et al., 1984) and the Kohistan-Ladakh island-arc complex in the Late 
Cretaceous (Figure 1.2; Petterson and Windley, 1985; Coward et al., 1987). 
Based on paleomagnetic data, analysis of magnetic anomalies in the Indian Ocean, 
cessation of marine sedimentation and the onset of continental molasse-type sedimentation along 
the Indus (also referred to as the Yarlung-Tsangpo) suture between India and Eurasia (Figure 
1.1B; see review in Yin and Harrison, 2000), the initiation of continental collision between the 
Indian and Eurasian plates is interpreted to be late Eocene ~50 Ma (Besse et al., 1984; Patriat 
and Achache, 1984; Molnar, 1984; Hodges, 2000, Najman et al., 2010). The exact timing of 
initiation of continent-continent collision, however, is not yet resolved and debate continues 
around the best method of determination (e.g., Yin and Harrison, 2000; Garzanti, 2008; Najman 
et al., 2010; Zhang, 2011). Further complicating matters this initial collision is also believed to 
be diachronous along the strike length of the orogen, however, the extent of the diachroneity is 
open to debate (Rowley et al., 1998; Najman et al., 2005).   
Continuing convergence between India and Eurasia resulted in initial subduction of the 
Indian plate followed by underplating of the Indian crust beneath Eurasia producing doubly thick 
crust underneath the Himalaya and southern Tibet (Molnar, 1984). This crustal thickening was 
paired with a large-scale, dominantly southward-propagating thrust system (Searle et al., 1988, 
1990, 1997; Rowley, 1996; Zhu et al., 2005) that has accommodated over 1400 km of post-initial 


























OphioliteLHS, GHS and TSS rocks
Transhimalayan arc
Indian protolith for 
Himalayan rocks
Granitic bodies
Figure 1.2 – Block diagram evolution of the convergence between Eurasia and India from accretion of 
exotic terranes during the Paleozoic to underplating of the Indian continent beneath Eurasia and potential 















1.3 Lithotectonic units and structure 
The structural framework of the Himalayan front is defined by four fault-bounded 
lithotectonic domains (Heim and Gasser, 1939). These lithotectonic domains are separated by 
major faults, have distinctly different tectonic characteristics and deformational histories, and 
can be traced along the entire length of the orogen (Hodges, 2000 and references therein). The 
faults that bound the different lithotectonic domains consist of dominantly shallow, mainly 
northward dipping structures (Figure 1.1C) that may merge at depth into a common basal 
detachment fault beneath the Tibetan plateau (e.g., Hauck et al., 1998). Alternatively the faults 
may simply continue into the hinterland as sub-parallel individual structures (e.g., Searle et al., 
2003). The rocks exposed along the Himalayan front are dominantly metamorphosed sediments 
of Indian plate origin that were deposited on or to the north of the thinned continental margin of 
the Indian continent between the Proterozoic and Early Paleozoic (Brookfield, 1993; Parrish and 
Hodges, 1996).  
The structurally highest tectonostratigraphic unit is the Tethyan sedimentary sequence 
(TSS; Figure 1.1C). It is composed of Upper Proterozoic to Middle Eocene unmetamorphosed to 
low-grade sedimentary rocks scraped off of the former Indian plate northern margin (Searle et 
al., 1987; Mascle et al., 2012). It is bounded to the north by the Indus suture zone (Hodges, 2000) 
and to the south by the Southern Tibetan detachment system (STDS). The STDS is a generally 
north dipping top-to-the-north sense high-strain zone that separates the TSS from the subjacent 
metamorphic core of the orogen, the Greater Himalayan sequence (GHS). The GHS is 
characterized by greenschist to granulite-grade metamorphic rocks of Indian plate affinity and 
associated anatectic melt. The supracrustal protoliths to GHS rocks were deposited on the 
northern Indian passive margin between the Proterozoic and Early Paleozoic (Brookfield, 1993; 
Parrish and Hodges, 1996; Mascle et al., 2012). The lower boundary of the GHS is marked by 
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the north dipping, top-to-the-south sense Main Central thrust (MCT), which separates it from the 
Lesser Himalayan sequence (LHS). The movement across the MCT was coeval with that across 
the STDS, but with opposite shear sense. The LHS, which occurs in the footwall of the MCT, 
consists of low metamorphic grade Proterozoic to Early Paleozoic metasedimentary rocks of 
Indian plate affinity. The lower boundary of the LHS is marked by the Main Boundary thrust, 
which carries the LHS over the unmetamorphosed Siwalik molasse in its footwall. The Siwalik 
molasse is the youngest and southernmost lithotectonic assemblage found along the Himalayan 
front.  It is composed of Neogene to Quaternary foreland basin strata and is bounded by the Main 
Frontal thrust to the south (Burchfiel et al., 1992; Hodges, 2000; Mascle et al., 2012).  
 
1.4 Metamorphism  
There is cryptic evidence for regional metamorphism of the GHS and LHS during pre-
Cenozoic time (Gehrels et al., 2006) before the present collision between Eurasia and India. 
Recently, Martin and Ducea (2011) used garnet crystallization, muscovite 40Ar/39Ar and 
monazite U-Pb ages from the LHS to suggest that peak metamorphic temperatures were reached 
in the Mesoproterozoic, during a previously unrecognized orogeny. Evidence for this older 
metamorphic episode is not yet recognized across the length of the Himalaya and additional 
research is required to delineate how Proterozoic deformation and metamorphism may have 
influenced the Cenozoic orogenic record.   
The dominant metamorphic record appears to be related to the Cenozoic collision of 
India with Eurasia. Two distinct phases of metamorphism in the Himalaya have been identified 
associated with continental collision. Eohimalayan metamorphism, which occurred during the 
Eocene, was the result of initial crustal thickening due to the continental collision between 
Eurasia and India (Hodges et al., 1996; Godin et al., 2001). This was a Barrovian-type regional 
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metamorphic event that is recorded as kyanite grade mineral assemblages variably preserved in 
GHS rocks (Hodges et al., 1988a,b; Vannay and Hodges, 1996). The second, major pulse of 
metamorphic activity, the Neohimalayan phase (Hodges et al., 1988a,b; Pêcher, 1989; Guillot et 
al., 1999), occurred during the early to middle Miocene. This later episode was characterized by 
sillimanite-grade metamorphism (Hubbard and Harrison, 1989) and is interpreted to record 
isothermal decompression, paired crustal anatexis (Streule et al., 2010) and the extrusion of the 
GHS from beneath the Tibetan plateau (Vannay and Hodges, 1996; Hodges et al., 1996). The 
Neohimalayan and Eohimalayan phases have alternatively been interpreted as the result of a 
single prolonged, dynamic metamorphic event (Walker et al., 1999; Jamieson et al., 2004) with 
the time between them representing a lull or slowdown in tectonic activity or a gap in the 
preserved record. Recent work by Cottle et al. (2009) on the metamorphic history of the STDS in 
the Mt. Everest region has shown that deformation and metamorphism occurred over a protracted 
period from 38 Ma to 16-13 Ma.  Regardless of which interpretation is correct, there is record of 
a protracted metamorphic history from across the Himalaya. 
 
1.5 Evolution of the Greater Himalayan sequence 
The GHS is the exhumed metamorphic core of the orogen bounded by coeval shear zones 
of opposite shear sense. The STDS bounds the top of the GHS and has been interpreted as a 
Miocene low angle normal-sense fault system, dipping 5-20° northward beneath the Tibetan 
Plateau (Burg 1983; Burg et al., 1984; Burchfiel et al., 1992; Searle et al., 1997; Kellett and 
Grujic, 2012). There is also local evidence, however, for south-southwest directed thrust 
movement across the STD in the Eocene (Vannay and Hodges, 1996). The MCT, which bounds 
the base of the GHS is interpreted as a north-dipping, thrust-sense high-strain zone. The thrust 
sense movement translated GHS rocks south over LHS rocks, which were largely unaffected by 
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Himalayan metamorphism (Gansser, 1964, 1983; Hodges 2000; Searle and Godin, 2003, Searle 
et al., 2006). The movement across the MCT was parallel to and contemporaneous with that 
across the STDS; the STDS is believed to have acted as a passive roof (stretching fault) enabling 
extrusion of the GHS from beneath the Tibetan plateau (Searle et al., 2003; Law et al., 2004). 
Focused and rapid erosional processes may have enhanced exhumation of the extruding GHS 
(Beaumont, 2001).  Stratigraphic and thermochronometric data have been interpreted to indicate 
that the formation of the Tibetan plateau influenced strengthening of the Asian monsoon climate 
(Prell and Kutzbach, 1992; Molnar et al., 1993; Clift et al., 2008). Increased monsoonal rainfall 
may have increased and focused erosion on the southern edge of the Tibetan plateau removing 
significant amounts of material, advecting heat and significantly affecting the tectonic evolution 
of the Himalaya. This focused erosion on the Himalayan front paired with the excess 
gravitational potential energy of over-thickened Tibetan crust may have created a positive 
feedback loop (Willett, 1999; Clift et al., 2010), allowing the GHS to be exhumed at a faster than 
normal rate.  
 
1.6 Problems in Himalayan Geology 
1.6.1 Contrasting models for GHS evolution 
Different models for the evolution of the GHS have been the topic of considerable 
ongoing debate among Himalayan researchers (e.g., Harrison, 2006; Grujic, 2006; Harris, 2007; 
Kohn, 2008). There are currently two main end-member models based on two different schools 
of thought. One end-member model is based on a critical taper wedge theory developed by Davis 
et al., (1983), which posits that an orogenic wedge propagated southward into the foreland 
during formation of a conventional thrust belt in response to continued crustal thickening during 
convergence while maintaining a critical taper angle (Figure 1.3A).  The theory predicts in and 
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Figure 1.3 - Tectonic Models for the Himalayan Orogen (A) Critical Taper Wedge after Kohn et al. 
(2008) showing characteristic vertical extension that is paired with howizontal shortening. (B) Channel 
Flow after Beaumont et al. (2001) and Larson et al. (2010a) showing characteristic vertical shortening 
that is paired with horizontal extension. GHS: Greater Himalayan Sequence, LHS: Lesser Himalayan 
Sequence, MCT: Main Central Thrust, MFT: Main Frontal Thrust, STDS: South Tibetan Detachment 




























out-of-sequence thrusting and local normal faulting to maintain the critical angle between the 
topographic surface and basal detachment in order to continue propagation into the foreland 
(DeCelles et al., 2001; Robinson et al., 2006; Kohn, 2008; Robinson, 2008). The alternate end-
member is the channel flow hypothesis, which suggests that partial melting of the GHS at mid-
crustal levels lowered its viscosity enough to allow it to be extruded southward from beneath the 
Tibetan plateau due to a lateral pressure gradient between the doubly thickened crust of the 
Tibetan plateau and the normal crustal thickness of the Indian craton to the south (Figure 1.3B; 
Bird, 1991; Grujic et al., 1996; Beaumont et al., 2001; 2004; 2006). The ideas about crustal flow 
began with an initial conception by Dewey and Burke (1973) that the continent-continent 
collision increases crustal thickness resulting in partial melting of the lower crust. Bird (1991) 
expanded on their ideas and developed a model for crustal flow where the GHS was extruded 
from the mid-crust beneath the Tibetan Plateau.  
 
1.6.2 Evidence supporting the models 
Geophysical data has been interpreted to indicate a partial melt layer currently existing at 
mid-crustal levels just north of the Indus suture zone and extending north beneath the Tibetan 
plateau. The INDEPTH project, which was carried out in 1992 with results and interpretations 
published by Nelson et al. (1996), delineated a reflective horizon at 15-20 km depth that also 
coincides with low seismic velocities and anomalous electrical conductivity. These properties 
indicate the presence of fluids along that horizon. This project has added validity to the idea of 
partial melting at mid-crustal depths due to thickened crust and the formation of a semi-viscous 
channel (Nelson et al., 1996; Hodges, 2000; Searle et al., 2006).  Alternatively, these findings 
could simply represent a present vapour phase (water or carbon dioxide) potentially related to hot 
spring activity throughout the area (Tong and Zhang, 1981). Moreover, the INDEPTH data only 
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indicates a fluid-rich layer in the immediate vicinity of the geophysical transect, within a few 
tens of kilometers of the northern Yadong-Gulu rift. This transect was chosen due to the relative 
ease of geophysical work, but because it is within a graben it may not be representative of the 
Tibetan Plateau as a whole (Nelson et al., 1996, Harrison, 2006). Geologic research, however, 
has also been interpreted to support the model of active crustal melting. Recently, Searle et al. 
(2010) published multi-system thermochronologic data from the Everest transect (Nepal-Tibet) 
that shows that mid-crustal melting, similar in scope to that potentially imaged at depth using 
geophysics, spanned from ~32 to 17 Ma, which may have triggered mid-crustal flow of the GHS 
coeval with movement across the MCT and STDS. 
Alternatively, pressure, temperature and time (P-T-t) data presented by Kohn (2008) from 
the Langtang and Darondi areas of central Nepal differ significantly from values predicted in 
channel flow models. As opposed to long residence times of high heat, retrograde isothermal 
decompression pressure and temperature (P-T) paths and rapid cooling expected for GHS rocks 
in channel flow models, Kohn (2008) observes short residence times at high temperature, 
isobaric cooling of GHS rocks and slow cooling rates, more consistent with taper wedge models 
(Henry et al., 1997; Bollinger et al., 2006; Kohn, 2008). In addition, Robinson (2008) used 
forward modeling, reconstructed balanced cross-sections, and deformational timing data to 
construct a model that supports a conventional wedge model for the development of the central 
Himalayan thrust belt. 
Recent research, however, has postulated a transition within the GHS between two end-
members (e.g., Beaumont and Jamieson, 2010; Larson et al., 2010a). Larson et al. (2010a) 
interpreted the sillimanite-grade, migmatitic upper section of the GHS to record extension in the 
direction of flow associated with vertical thinning and horizontal extension, deformation 
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consistent with channel flow. In contrast, the lower section of the GHS is interpreted to record 
shortening in the direction of flow that is associated with vertical thickening and horizontal 
shortening, deformation consistent with critical wedge taper. Moreover, metamorphic P-T 
conditions and U-Th-Pb monazite ages from the base of the GHS are interpreted to represent the 
progressive downward migration of the MCT and associated subcretion of material to the base of 
the GHS (Larson et al., 2011). This work suggests that there is a continuum between channel 
flow processes operating in the upper GHS and critical taper thrust wedge processes in the lower 
GHS. This theory indicates that the two end-member models of channel flow and critical taper 
wedge are not mutually exclusive and the debate between these model end-members may be a 
false dichotomy (Beaumont and Jamieson, 2010, 2011; Larson et al., 2011). 
 
1.7  The Likhu Khola Region 
1.7.1   Previous work 
The Likhu Khola river valley system is located in east-central Nepal northeast of 
Kathmandu and just west of the Everest region (Figure 1.1B). Parts of the Likhu Khola region 
were mapped at a basic reconnaissance scale during an expedition by Ishida (1969) in 1966. 
Ishida (1969) reported that this region consists mainly of sillimanite-garnet-biotite gneisses and 
tourmaline-biotite migmatite. Using structural and lithological observations, Ishida recognized 
the basic lithologic units in this region and subdivided them into formations or zones as they 
were termed in Ishida and Ohta (1973). These zones were then grouped into the Himalayan 
Gneisses and the Midland Metasediment group.   
Schelling (1992) conducted a large-scale study of Eastern Nepal that included six years 
of geological field research ranging from the Sikkim border in the east to the Kathmandu Valley 
in the west and from the Everest region peaks in the north to the Ganges plain in the south. He 
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also recognized the different large-scale tectonostratigraphic units in the Likhu Khola region and 
classified them into the more customary GHS and LHS with the MCT that separates them in the 
southwestern part of the current map-area. This thesis will build on these previous studies 
through more detailed mapping complimented by new laboratory work. Ultimately this study 
was formulated to test the recently developed tectonic models for the Himalaya, namely the 
channel flow and extrusion hypothesis (e.g., Grujic et al., 1996; Beaumont et al., 2001), the 
critical taper wedge hypothesis (e.g., Kohn et al., 2008), and the continuum model proposed by 
Larson et al. (2010a) 
 
1.7.2   Objectives 
The purpose of this study is to contribute to the evolving knowledge of the formational 
processes of the Himalaya. More specifically, as explained above, this thesis is designed to test 
models of orogenic evolution that have been developed in recent years for the Himalayan belt. 
The key data that govern the different models for Himalayan evolution have largely been 
extracted from within the GHS and its bounding structures. Therefore, targeted mapping, 
sampling and petrological/geochronological study within the GHS will yield valuable 
information to evaluate these different models and elucidate the tectonometamorphic history for 
the GHS in this region. 
To achieve this goal we must answer two questions regarding the development of the 
orogen in this region. 1) What are the tectonometamorphic characteristics and geologic history 
of the Likhu Khola region? 2) Are the findings from the Likhu Khola compatible with any of the 
currently proposed models for the formation and evolution of the Himalayas? 
Fieldwork was carried out over one three-week field season in east-central Nepal during 
the spring of 2011. Detailed mapping of structures and rock units in the Likhu Khola region was 
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completed and will serve as the basis for all interpretations and subsequent analytical data. 
Specimens were collected to form a representative suite of the different lithologies encountered 
and to allow for the first detailed metamorphic, microstructural, and geochronologic data 
analysis of rocks in this region. 
The models discussed above provide testable criteria regarding the metamorphic and 
deformational histories expected throughout the GHS (e.g., Jamieson et al., 2004; Kohn, 2008; 
Yakymchuk and Godin, 2012). In this study multiple geothermobarmetric techniques were used 
to estimate metamorphic temperatures and pressures of equilibrium assemblages. Deformation 
characteristics such as shear sense and temperature during deformation were investigated 
through assessing the lattice preferred orientations of quartz c-axes in quartz rich rock types. U-
Th-Pb monazite geochronology was used to constrain the timing of deformation, metamorphism 
and infer P-T-t paths. In addition, correlations of age to Y zonation and trace element 
concentrations in the monazite grains was used to link the monazite growth histories to 
conditions of metamorphism (e.g., Cottle, 2009; Kohn et al., 2011; Larson et al., 2011). 
The results of this thesis are presented in two main chapters. Chapter 2 presents the 
geology of the study area including classification of lithological units, structural and 
metamorphic observations and the results of quartz microstructural analysis. Chapter 3 presents 
results of petrological and geochronological studies including, 1) classification of metamorphic 
zones based on mineral assemblage data, 2) evaluation of textural relationships of minerals and 
their chemical compositional and potential zonation for use in geothermobarometric estimates 
and, 3) constrains the timing of metamorphism with U-Th-Pb monazite geochronology. Chapter 





GEOLOGY OF THE LIKHU KHOLA REGION, EAST-CENTRAL NEPAL 
 
2.1 Introduction  
 This study examines the region along the Likhu Khola river valley from Tholo 
Priti in the south to Gyajo La in the north and adjacent areas of the Nupche and Khimti Kholas 
from Gyajo La in the north to Those in the south (Figure 2.1). Ishida carried out reconnaissance-
scale mapping of the region in 1966 (Ishida, 1969; Ishida and Ohta, 1973) and more recently 
Schelling (1992) created a regional map of eastern Nepal including this region. Ishida (1968) and 
Ishida and Ohta (1973) mapped multiple discrete faults within the study area, whereas Schelling 
(1992) mapped only one large-scale thrust fault (the Main Central thrust). This study builds on 
this previous work and focuses on examining the area in more detail with supporting laboratory 
work in microstructural analysis, petrology and geochronology. A consistent interpretation of the 
structural regime of the Himalaya is essential in progressing our understanding of orogenic 
processes and potential changes in how the mountain belt is thought to have evolved (e.g., see 
summaries by Yin and Harrison, 2000; Law et al., 2004; and Hodges, 2000, 2006). With the 
flood of research on the Himalaya over the past two decades the previous work in the study area 
must be re-visited and re-evaluated within the current Himalayan paradigm.  
  
2.2 Lithotectonic Units 
2.2.1 Introduction 
 The geology of the study area consists of exhumed, pervasively ductily deformed 
metamorphic rocks. Metamorphic grade generally increases up structural section from upper 
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Figure 2.1 - Geologic map overview of the upper Likhu Khola study area showing the 

















reaches (Figures 2.1 and 2.2). This is consistent with inverted metamorphic field gradients 
observed along the length Himalaya near the base of the GHS (e.g., Mallet, 1874; von Loczy, 
1878; Oldham, 1883). The lithologies of the mapped area will be discussed in order from 
structurally lowest to highest.  
 
2.2.2 Augen orthogneiss 
An augen orthogneiss, which crops out just south of the town of Those (Figure 2.1), 
comprises the structurally lowest unit exposed in the study area (Figures 2.1, 2.2). The thickness 
of this unit is not constrained as it extends outside the map area to the southwest. It is composed 
of 35-40% quartz + 25-30% feldspar (plagioclase, perthite and minor K-spar) + 15% muscovite 
+ 8% biotite ± 2% tourmaline. Anatexite comprises up to 10% of total rock volume and has a 
general composition of 50% quartz + 40% feldspar ± 10% biotite. The foliation is defined by 
micaceous partings of biotite and muscovite that also define a distinctive, well-developed 
mineral stretching lineation. This lineation is also expressed as quartz rods in the same 
orientation, plunging shallowly to the north (Figure 2.3A). The augen within this unit consist of 
variably fractured and slightly rotated perthitic feldspar crystals (Figure 2.3B). The quartz 
exhibits an inequigranular grain size due to grain boundary migration inhibition between 
micaceous partings (Figure 2.3C). Internal subgrain development throughout the quartz fabric 
with the formation of discrete, smaller quartz grains (Figure 2.3D) are the result of grain 
boundary migration recrystallization, correlative with Regime 3 of Hirth and Tullis (1992) and 


































































































































































































































































































































Figure 2.3 - Specimens from the Likhu Khola region. A) Hand specimen of augen orthogneiss showing a lineation 
defined by quartz rods, green tip of pencil for scale is 2cm. B) Augen orthogneiss showing a rotated perthite augen 
and a perthitic k-spar augen. C) Quartz textures within the augen orthogneiss showing inequigranular grain size and 
micaceous partings inhibiting quartz growth. D) Quartz within the augen orthogneiss showing grain boundary 
migration recrystallization.  E) Micaceous schist showing thin, semi-continuous banding of biotite and muscovite, 
altered feldspar (to sericite) and tourmaline. F) Sigma-type garnet porphyroblast within micaceous schist showing 
top to the south sense of rotation with strain shadows allowing more muscovite growth to the bottom left and top 


































2.2.3 Micaceous phyllitic schist with intercalations of marble and calc-silicate 
Overlying the augen orthogneiss is a ~7500 m thick unit of micaceous phyllitic schist 
with intercalations of quartzite, marble and calc-silicate. The phyllitic schist has variable quartz 
and micaceous mineral content with a range in composition of 35-60% quartz + 10-20% feldspar 
+ 5-15% muscovite + 5-20% biotite ± 1-10% garnet  ± 5-10% carbonate. The accessory minerals 
present include tourmaline, zircon, monazite, epidote, apatite, rutile, magnetite and/or hematite. 
Anatexite comprises 5-15% of total rock volume within this unit and is composed of 50% quartz 
+ 20% feldspar + 10-15% muscovite + 10% biotite ± 5-10% garnet ± 5% tourmaline. The 
foliation is defined by planar muscovite, biotite and local chlorite that also define a mineral 
lineation that plunges shallowly to the north. In rare situations the biotite alters completely to an 
orange colour on exposed surfaces, most likely due to relatively late-stage weathering. The 
plagioclase that is present has a dirty appearance due to sericitic alteration and is localized 
between semi-continuous bands of biotite in the micaceous schist (Figure 2.3E). Garnet within 
this unit ranges in size from 0.5 to 3 mm in diameter and sometimes occurs as sigma- and delta-
type porphyroblasts (Figure 2.3F and 2.4A). 
Marble layers are commonly subject to preferential weathering, aiding in their 
identification but creating a powdery texture that makes sampling virtually impossible. Marble 
directly overlies the graphitic marker unit in several outcrop locations and has a thickness on the 
order of 10-40 m.   
Calc-silicate lithologies are composed of 50% carbonate + 40% quartz + 10% muscovite 
+ 1-5% biotite. They have visible micaceous partings that define the foliation and locally are 
affected by a crenulation cleavage. These calc-silicate rocks contain pockets of fine-grained 
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Figure 2.4 - Specimens from the Likhu Khola region. A) Delta-type garnet porphyroblast from struc-
turally low part of the micaceous phyllitic schist unit (Al chemical map). B) Calc-silicate rock showing 
pockets of fine grained quartz (chert) rimmed with muscovite and ocurring within a coarser grained 
domain that is carbonate rich. C) Detailed view of a pocket of fine-grained quartz (chert) rimmed by 
muscovite and ocurring within a coarser grained fabric that is carbonate rich. D) Quartzite showing 
interlobate and irregular grain boundaries. E) Quartz-rich phyllite showing triple point junctions and 
polygonal texture indicative of post-deformational static “rebound” recrystallization. F) Graphitic 
schist showing the initial stages of crenulation cleavage development. Gt = garnet, Qtz = quartz, Gr = 

























quartz aggregates rimmed by muscovite and partially surrounded by a coarser grained carbonate-
rich fabric (Figure 2.4B and C).  
Thin intercalations of quartzite lenses, mapped within the town of Those (Figure 2.1) are 
too small to depict at the scale of the map. Quartz grains in the quartzite have irregular and 
lobate grain boundaries with sweeping extinction (Figure 2.4D). These characteristics indicate 
that grain boundary migration is the dominant mechanism of recrystallization, which correlates 
to regime 3 of Hirth and Tullis (1992) and is associated with deformational temperatures of 500-
700°C (Stipp et al., 2002). 
Quartz throughout the rest of the unit is generally equigranular with minor sweeping 
extinction and polygonal triple point grain boundaries indicating static recrystallization due to 
the process of grain boundary area reduction (Figure 2.4E; Passchier and Trouw, 2005). 
 
2.2.4 Graphitic schist 
Contained within the micaceous phyllitic schist approximately 1000 m up-structural 
section from its lower contact is a 1500 to 2300 m thick unit of graphitic schist. It is easily 
identified and was observed in the same structural position in different locations within the 
mapped area. This graphitic unit is composed of 30-35% graphitic material + 30% quartz + 20% 
biotite + 15% muscovite + ~2% feldspar. The foliation is defined by micaceous partings of 
biotite and muscovite. No lineation was noted within this unit, however, a poorly developed 
crenulation cleavage is observed locally (Figure 2.4F). Rare quartz veins cross-cut the rock (up 
to 10% of rock by volume) and are characterized by dynamically recrystallized quartz that 
displays slightly irregular grain boundaries, inequigranular grain size distribution, undulose 
extinction and initial development of internal subgrain boundaries (Figure 2.5A). These textures 
indicate that dislocation glide and high temperature grain boundary migration recrystallization 
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FFigure 2.5 - Specimens from the Likhu Khola region. A) Quartz vein within graphitic schist showing 
inequigranular grain size and subgrain boundary development indicative of complete recrystallization. B) 
Quartzite with isoclinal folds. C) Quartzite showing irregular grain size and subgrain development in 
quartz grains and stretched muscovite grains. D) Anatexite specimen with kyanite showing irregular and 
interlobate quartz grain boundaries with well-developed subgrain boundaries. E) Pelitic schist showing 
large garnet porphyroblasts that are spatially related to the anatexite lenses. Rock slab is 4.4 cm wide. F) 
Quartz-rich schist displaying grain boundary migration (GBM) recrystallization and a “window structure” 
with the quartz grains growth being limited by biotite. In response, the recrystallizing quartz flows around 

























are the dominant deformation mechanisms recorded in the quartz veins. This corresponds with 
regime 3 of Hirth and Tullis (1992) and is associated with deformational temperatures of 500-
700°C (Stipp et al., 2002). 
 
2.2.5 Quartzite 
Overlying the micaceous phyllitic schist is a ~400 m thick quartzite unit. The 
composition of the unit includes 95% quartz with 4% aligned muscovite ± 1% biotite ± 1% 
feldspar. The quartzite is inter-layered with quartz-dominated anatexite-bearing micaceous schist 
that is composed of 75% quartz + 10% feldspar + 10% muscovite + 5% biotite. The anatexite 
comprises 5-15% of total rock volume, is commonly boudinaged, and has the composition of 
55% feldspar + 20-30% quartz + 10% mica + 5% tourmaline. The foliation in the quartzite is 
defined by muscovite and sparse biotite and is locally isoclinally folded (Figure 2.5B). 
Muscovite defines an aligned mineral lineation and is elongate plunging shallowly to the north. 
Relict primary sedimentary structures including cross bedding and poorly defined graded 
bedding were observed locally within thin laminations of quartzite intercalated with micaceous 
phyllitic schist.  
The recrystallization textures displayed by the quartz in this unit include an 
inequigranular grain size distribution, interlobate grain boundaries and the development of 
internal subgrain boundaries. Pinning structures are observed where quartz growth is being 
limited by the presence of muscovite and rare biotite grains (Figure 2.5C). These textures are 
indicative of regime 3 of Hirth and Tullis (1992) and are associated with deformational 
temperatures of 500-700°C (Stipp et al., 2002).  
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2.2.6 Quartz + muscovite + feldspar + biotite ± garnet schist 
The rocks structurally above the quartzite layer contain greater than 15% anatexite by 
volume. Overlying the quartzite is a quartz + muscovite + feldspar + biotite ± garnet pelitic to 
semi-pelitic schist which is the thickest unit in this study area, at ~10,200 m (Figure 2.2). The 
accessory minerals present in this unit include tourmaline, zircon, apatite, monazite and ilmenite. 
There is significant compositional variation within this unit, with the dominant pelitic to semi-
pelitic schist interleaved with psammopelitic gneiss and local lenses of calc-silicate rocks. The 
composition of the dominant pelitic to semi-pelitic schist is 35-50% quartz + 10-25% feldspar + 
15-30% muscovite + 15-20% biotite ± 5-10% garnet. Feldspar in the pelitic schist is locally 
perthitic. Anatexite comprises 15-25% of total rock volume within this unit and is composed of 
50% quartz + 20% feldspar + 10-15% muscovite + 10% biotite ± 5-10% garnet ± 5% 
alumnosilicate. Kyanite occurs in the leucosome and immediate residuum towards the upper 
boundary of this unit (Figure 2.5D). Foliation in the schist is defined by semi-continuous partings 
of biotite that can contain inclusions of zircon. The biotite is locally altered to chlorite and clay 
minerals. The lineation is defined by elongate quartz grains that plunge shallowly to the north. 
The garnet in this unit is large (<2 x 2 mm) relative to other units and appears to be spatially 
associated with the anatexite lenses (Figure 2.5E).  
The quartz within the micaceous schist exhibits inequigranular grain size distribution, 
interlobate grain boundaries, window structures and the development of internal subgrain 
boundaries (Figure 2.5F). These features are consistent with grain boundary migration and 
regime 3 of Hirth and Tullis (1992) and associated with deformational temperature estimates of 
500-700°C (Stipp et al., 2002). Moreover, quartz within the kyanite bearing leucosome is 
generally coarse grained with an inequigranular grain size distribution, has interlobate to 
amoeboid grain boundaries and shows well-developed internal subgrain boundaries (Figure 
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2.5D). Following the criteria of Stipp et al. (2002) these characteristics are indicative of high-
temperature grain boundary migration recrystallization (500-700°C) and classify within regime 3 
of Hirth and Tullis (1992).  
 
2.2.7 Alumnosilicate-bearing bearing migmatitic gneiss 
The next structurally higher unit is a ~5000-7000 m thick alumnosilicate-bearing 
migmatitic gneiss. It is composed of 30-50% quartz + 10-30% feldspar + 15-25% biotite + 3-
10% muscovite + 5-25% kyanite or sillimanite ± 5% garnet. The accessory minerals present in 
this unit include tourmaline, zircon, apatite, monazite and ilmenite. The appearance of kyanite in 
the paleosome, outside of association with anatexis (Figure 2.6A and B) marks the transition into 
this unit. Kyanite was indentified at two locations on opposite sides of the circuit traverse at 
similar structural levels (Figure 2.1). This kyanite-bearing migmatitic gneiss is characterized by a 
strongly developed tectonic lineation defined dominantly by kyanite and muscovite that plunges 
shallowly to the north. Linear features are dominant in the kyanite rich gneiss with no suitable 
planar features to take measurements.  
Immediately up structural section kyanite is lost in favor of sillimanite. The sillimanite 
appears first as discrete mm-scale pods of fibrolite associated with biotite (Figure 2.6C) whereas 
farther up structural section the sillimanite occurs as microscopic, prismatic needles and discrete 
aggregates of needles termed “stringers” (Figure 2.6D and E). Sillimanite also occurs intergrown 
with quartz ± K-feldspar ± muscovite ± magnetite as ovoid nodules termed faserkiesel (Figure 
2.6F). The long axes of these nodules are parallel to the north-south mineral lineation. The 
sillimanite in the paleosome can be seen growing at the expense of muscovite at the microscopic 
scale (Figure 2.7A and B). There are quartz-rich layers within this unit that contain large garnet 
porphyroblasts (<3.5 x 2.5 mm) whereas other parts of the unit contain much smaller garnet 
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Figure 2.6 - Specimens from the Likhu Khola region. A) Kyanite-bearing gneiss showing kyanite rimmed 
by muscovite with tourmaline present nearby. B) Kyanite-bearing gneiss showing kyanite breaking down 
to muscovite. C) Sillimanite-bearing migmatitic gniess showing the sillimanite occuring as fibrolitic pods. 
D) Sillimanite-bearing gneiss showing the fibrolitic to prismatic sillamanite as sheared out stringers 
within small localised shear bands. E) Sillimanite-bearing gneiss showing prismatic needles of sillimanite 
and a quartz grain with well developed subgrain boundaries that can be referred to as “chessboard quartz” 
texture. F) Sillimanite-bearing gneiss showing sillimanite and quartz (± K-feldspar ± muscovite ± magne-
tite) intergrowths known as faserkiesel. Ky = kyanite, Ms = muscovite, Tml = tourmaline, Qtz = quartz, 





















Figure 2.7 - Specimens from the Likhu Khola region. A) Sillimanite-bearing gneiss showing sillimanite 
growing inside and at the expense of muscovite. B) Equivalent to A, in XPL. C) Garnet with rims of 
quartz + feldspar melt that has collected in the strain shadows of the garnet. D) Psammopelitic gneiss 
showing a quartz + feldspar dominated leucosome and biotite-rich residuum. E) Psammopelitic gneiss 
with foliationplanes highlighted showing the cross-cutting nature of the younger anatexite phase. F) A 
cross-cutting pod of the younger anatexite composed of quartz + feldspar + biotite + muscovites (books) 
+ tourmaline. Qtz = quartz, Tml = tourmaline, Ms = muscovite, Sill = silllimanite, Bt = biotite. The pen 

























porphyroblasts (<0.13 x 0.13 mm). Large garnet porphyroblasts were also observed with rims of 
feldspar-rich anatexite present in the strain shadows (Figure 2.7C). The sillimanite-bearing 
migmatitic gneiss gradually becomes more psammopelitic in nature up structural section; 
anatectic lenses and the micaceous minerals become increasingly segregated, defining the 
foliation. There are two distinct phases of anatexite at higher structural levels, which together 
comprise up to 45% of the total rock volume. One phase of the anatexite occurs as foliation 
parallel leucosomes with associated biotite-rich residuum (Figure 2.7D) whereas a second, 
younger pegmatitic phase cross-cuts both the foliation and the lit-par-lit anatexite (Figure 2.7E). 
The feldspar throughout this unit is locally altered to sericite. 
The quartz within the migmatitic gneiss exhibits an inequigranular grain size distribution, 
interlobate to amoeboid grain boundaries and development of internal subgrain boundaries 
including “chessboard quartz” (Figure 2.6E; Passchier and Trouw, 2005). These recrystallization 
textures are indicative of high-temperature grain boundary migration recrystallization and 
dislocation glide both characteristic of regime 3 of Hirth and Tullis (1992) and associated with 
deformational temperatures of 500-700°C (Stipp et al., 2002). The chessboard extinction has 
been correlated to activation of the prism <c> glide plane (Passchier and Trouw, 2005), which 
occurs toward the upper end of the Stipp et al. (2002) temperature range (Law et al., 2004). 
 
2.2.8 Sillimanite-bearing migmatite 
Overlying the alumnosilicate bearing migmatitic gneiss is a 2800 m thick unit of 
sillimanite bearing migmatite. It is composed of 35-45% quartz + 10-35% feldspar + 10-25% 
biotite + 1-5% muscovite + 10-15% sillimanite + 2-10% garnet. This unit contains more than 
45% stratiform anatexite by volume which itself is composed of 50% quartz + 45% feldspar + 
5% biotite. The younger phase of pegmatitic anatexite is also present locally and is composed of 
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40% quartz + 35% feldspar + 10% biotite + 10% muscovite (in the form of books) ± 5-10% 
tourmaline (Figure 2.7F). The well-developed gneissosity in this unit (Figure 2.8A) is defined by 
quartz, biotite, sillimanite and leucosome layers. Sillimanite commonly defines a mineral 
alignment lineation that plunges shallowly to the north.  
Quartz recrystallization textures observed in this migmatite are similar to those in the 
structurally subjacent unit. The “chessboard quartz”, however, occurs more commonly and is 
better developed (Figure 2.8B). The dominant recrystallization mechanism is therefore inferred 
to be dislocation glide and is associated with deformational temperatures of 500-700°C (Stipp et 
al., 2002). 
 
2.2.9 Augen Orthogneiss  
An augen orthogneiss unit with distinct 10-15 cm k-feldspar augen overlies the 
sillimanite-bearing migmatite. The thickness of this unit is unknown as it continues 
northeastward out of the study area. In the adjacent Tama Kosi region, however, it is 1.5-2 km 
thick (Larson, 2012). The augen orthogneiss was seen only as float around Gyajo La at the 
northern most portion of the study area. It must have been sourced from the peaks adjacent to 
Gyajo La Pass and therefore must occur at structurally higher levels than the pass itself. 
 
2.3 Structural observations  
2.3.1  Field Observations 
 The rocks exposed in the mapped area have all been pervasively, ductily 
deformed and possess a well-developed tectonic foliation. The orientations of measured foliation 
planes show considerable variation and sub-horizontal to gentle dips throughout the structurally 
lower portion of the study area in the micaceous, graphitic and quartz-rich phyllitic schist units 
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Figure 2.8 - Specimens from the Likhu Khola region. A) Well-segregated psammopelitic gneiss. B) 
Sillimanite-bearing gneiss showing diagnostic subgrain structure development in quartz  termed “chess-
board quartz” texture. This is indicative of high-grade recrystallization conditions (500-700°C). C) S and 
C’ fabric within a micaceous phyllitic schist from a structurally low region of the map area.. D) S and C’ 
fabric within a micaceous phyllitic schist from a structurally low region of the map area showing top-to-
the-south shear sense. E) Mineral fish within a garnet-bearing micaceous phylllitic schist from a structur-
ally low region of the map area. F) Mineral fish within a garnet-bearing micaceous phylllitic schist from 
a structurally low region of the map area showing top-to-the-south shear sense. Qtz = quartz, Bt = biotite. 













(Figure 2.9A). Up structural section the foliation planes moderately dip more consistently 
towards the north and northeast (Figure 2.9B). The tectonic foliation throughout the micaceous 
phyllitic schist unit commonly contains mineral elongation lineations defined by aligned biotite, 
muscovite, and locally, chlorite grains. Moreover, plastically deformed quartz defines the 
stretching lineation in the augen orthogneiss below the graphitic marker unit. Northwards, and 
structurally up section, mineral lineations are better developed. Plastically deformed quartz, as 
well as aligned micaceous and alumnosilicate, minerals define the lineation at these higher 
structural levels. These lineations generally trend north-northeast with a shallow to moderate 
plunge (Figure 2.9C). A variably developed crenulation cleavage occurs in some of the lower 
structural units. It is best developed in the graphitic schist and quartz-rich phyllitic schist. The 
trend of fold axes associated with the crenulation cleavage is variable but seems to be 
consistently NW-SE (Figure 2.9C)  
Asymmetric secondary foliation planes including S and C’ fabrics were identified in 
many of the quartz and mica-rich units. The geometry of these secondary foliation planes 
consistently indicates a top-to-the-south sense of shear (Figure 2.8C and D). Other shear sense 
indicators observed in outcrop include sigma-type clasts with geometry consistent with a top-to-
the-south sense of shear (Figure 2.8E and F). Similar deformational features are observed at the 
microstructural scale (Figure 2.10A to D) and further support pervasive top-to-the-south shear 
sense throughout the entire section studied.  
Small-scale isoclinal folding (1 cm to 1 m) is recorded in the quartzite unit with an axial 
plane and fold limbs parallel to the dominant tectonic foliation. Folding on a regional scale (100 
m to >1 km) was observed in more southern units that underlie the quartzite layer. This folding is 














Foliation of lower units (plotted as poles)
Lineation of all units
Figure 2.9 - Sterographic projection plots of the foliation and lineation mesurements from the Likhu 
Khola study area. Foliations are plotted as poles to the planes. A) Foliation measurements from the lower 
units structurally below (and including) the quartzite unit. B) Foliation measurements of the upper units 
structurally above the quartzite unit. The grouping here is slightly tigher and more consistently dipping 
towards the north and northeast compared to the structurally lower units. C) Lineation measurements 
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Figure 2.10 - Photomicrographs in plane polarized light of specimens from the Likhu Khola region. A) 
Sillimanite-bearing gneiss showing localised micro-shear bands. B) Sillimanite-bearing gneiss high-
lighting localised micro-shear bands with S and C‘ fabrics that indicate top-to-the-south and dextral 
shear sense. C) Sillimanite-bearing gneiss showing an asymmetric mantled clast of feldspar surrounded 
by quartz. D) Sillimanite-bearing gneiss highlighting an asymmetric mantled clast of feldspar 








south sides of a ridge dip in opposite directions (Figure 2.2). This regional folding has an open 
geometry and postdates the development of the pervasive foliation and associated top to the 
south deformation in these units. The observed crenulation cleavage is probably related to this 
deformation phase. Large-scale folding has also been recognized in the Tama Kosi valley to the 
west where a structural window has been interpreted to reflect interference folding of separate 
regional events with perpendicular vertical planes (Ishida and Ohta, 1973). All station and 
structural data can be found in APPENDIX A. 
 
2.3.2 Quartz lattice preferred orientation (LPO) analyses 
The lattice-preferred orientation (LPO) of quartz can be used to determine the dominant 
slip planes that were active during dynamic recrystallization, verify the sense of shear, and 
estimate temperatures of deformation (e.g., Law, 1991; Passchier and Trouw, 2005). Quartz LPO 
analysis techniques have been employed successfully throughout the Himalaya (e.g., Bouchez 
and Pêcher, 1976; Grasemann et al., 1999; Law et al., 2004; Larson and Godin, 2009; Larson et 
al., 2010a; Langille et al., 2010; Yakymchuk and Godin, 2012). As described in Yakymchuk and 
Godin (2012): 
 
The slip systems active in quartz are dependent upon deformation temperature, strain 
rate (Lister et al., 1978), and water content (Mainprice and Nicolas, 1989). Assuming that the 
glide system is dominantly controlled by temperature, quartz c-axis fabrics can act as a 
thermometer during deformation (Kruhl, 1998; Law et al., 2004). The opening angle of c-axes 
girdles in quartz fabrics has been experimentally (Tullis et al., 1973), numerically (Lister and 
Hobbs, 1980), and empirically (Kruhl, 1998; Law et al., 2004) calibrated with temperature 
during deformation. The opening angle of quartz c-axes girdles increases linearly with 
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temperature up to 650°C (Kruhl, 1998) and more rapidly from 650 to 800°C likely reflecting the 
low-high quartz transition and the increasing influence of prism <c> slip (Law et al., 2004). 
Deformation temperature has been calculated using the opening angles of c-axis girdles along 
the Himalayan front in central Nepal (Law et al., 2004; Larson and Godin, 2009; Larson et al., 
2010a) and in the North Himalayan gneiss domes (Larson et al., 2010b; Langille et al., 2010). 
Opening angles are determined visually by measuring the angle between the two opposing arms 
of the fabric skeleton, which follows the region of the highest concentration of quartz c-axes. 
The accuracy of the opening angle is limited by the sharpness of the skeleton arms. Calibration 
of the opening angle ‘thermometer’ is based on empirical data and deformation temperatures are 
therefore assigned an error of ± 50°C (Law et al., 2004). 
 
Quartz LPOs in this study were measured using a G50 automated fabric analyzer 
fabricated by Russell-Head Instruments in Australia (e.g., Peternell et al., 2010). All thin sections 
analyzed were cut perpendicular to the dominant foliation and parallel to lineation. The plane of 
projection for all equal area stereonets is setup looking west with a sinistral sense of shear 
representing a top to the south sense of shear. The specimen foliation lies vertically along the 
east-west axis while the lineation lies horizontal along the same axis.  
Specimen 083 is a quartzite from the structurally lowest part of the study area 
immediately above the augen orthogneiss (Figure 2.11A). The quartz yields a single girdle LPO 
pattern with an asymmetry indicating top-to-the-south sense of shear (Figure 2.11B). The LPO 
appears to be dominated by glide along the rhomb crystal orientations.  
Specimen 032 is a quartz rich schist collected just below the distinctive quartzite unit in 
the micaceous phyllitic schist (Figure 2.11A). The quartz LPO pattern yielded a type-II cross 
girdle pattern with a measurable opening angle that can be used to estimate temperature of 
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Figure 2.11 - Stereographic projections of quartz c-axis lattice preferred orientations of specimens from 
the Likhu Khola study area. A) Simplified Geologic map of the study area highlighting the sample 
locations. B) Quartzite specimen 083 exhibits top-to-the-south shear sense. C) Quartz-rich specimen 032 
exhibits a distinctive type-1 crossed girdle pattern from which an opening angle of 75° is measured and a 
deformational temperature estimate derived. D) Quartzite specimens 033 exhibits top-to-the-south shear 
sense. E) Specimen 039 exhibits concentrations of LPOs along the lnorth and south rims of the stereonet 
indicating the activation of prism <c> slip in quartz. 
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deformation (Figure 2.11D). Based on an opening angle of ~75° the estimated temperature is 600 
± 50°C (Figure 2.12), which is consistent with deformational temperature estimates from quartz 
recrystallization textures for the same unit.  
Specimen 033 is a quartzite collected from the distinctive quartzite unit in the micaceous 
phyllitic schist.  The well-defined single girdle pattern is very similar to that of specimen 083 
(Figure 2.11C). It too displays a sinistral asymmetry and therefore indicates top-to-the-south 
shear sense. Moreover, like specimen 083, slip is dominated by glide along the rhomb planes. 
Specimen 039 is a quartz rich schist collected above the distinctive quartzite layer and 
does not yield a well-defined LPO pattern. It can, however, provide some information on the 
different slip systems that may have been operating in those rocks. The quartz LPO pattern 
shows concentrations of quartz c-axes near the east and west poles of the stereonet (Figure 
2.11E). This pattern represents activation of prism [c] slip in quartz which generally initiates near 
temperatures of ~650˚C (Law et al., 2004).  
All other specimens analyzed up-structural section from the distinctive quartzite unit 
yielded incoherent LPO patterns. However, there was consistent congregations of quartz c-axes 
near the east and west poles of the stereonet similar to specimen 039 indicating that prism [c] slip 
in quartz was activated and deformational temperatures were in excess of ~650˚C (Law et al., 
2004).  
 
2.4 Metamorphic observations 
 As previously mentioned, evidence for a classic Himalayan inverted metamorphic 
sequence (e.g., Mallet, 1874; von Loczy, 1878; Oldham, 1883) was observed in this study area. 
Starting with upper greenschist facies rocks in the structurally lowest unit of micaceous phyllitic 













Figure 2.12 - Graph of quartz c-axis fabric opening angles plotted against experimentally calibrated 
estimates of deformation temperatures. Specimen 032 from the Likhu Khola study area has a measured 




























migmatitic rocks at the highest structural position reached in this study. The distribution of 
indicator minerals confirms the general increase in recorded metamorphism northward and up 
structural section (Figure 2.2). Upper greenschist facies rocks have a typical assemblage of 
biotite + muscovite ± chlorite as seen near the town of Tholo Priti (Figure 2.1). Garnet is first 
observed as part of this assemblage just above the graphitic marker unit in this map area, 
however, previous mapping in this region indicates that the first appearance of garnet may occur 
farther down structural section to the south of the study area (Ishida, 1969). A few kilometers 
above the graphitic schist market unit chlorite is no longer observed and the metamorphic 
assemblage here includes biotite + muscovite + garnet. Staurolite is not observed in the map 
area, though it does occur in a thin portion of the exhumed metamorphic core in adjacent areas 
(Larson, 2012). It is possible that it was not observed in the study region due to a bulk 
composition of the rocks non-conducive to its growth or lack of outcrop exposure. Kyanite 
occurs in an narrow range of exposure, first appearing within stratiform anatexite and then as 
part of the unaffected paleosome. This first occurrence of kyanite was mapped just south of the 
village Kangematar where the Likhu Khola meets the Nupche Khola (Figure 2.1). Sillimanite 
first appears in association with anatexite approximately 1900 m to the north along the Likhu 
Khola and then as part of the paleosome assemblage in immediately adjacent rocks. Kyanite and 
Sillimanite are observed to coexist in at least one rock specimen (048). There was no evidence to 
indicate that sillimanite is forming directly from kyanite, therefore two separate reactions of 
kyanite + quartz + K+ + fluid = muscovite + H+ and muscovite + H+ = sillimanite + quartz + K+ + 
fluid were taking place simultaneously in different domains of the rock (Carmichael, 1969). 
Sillimanite remains a constituent of the metamorphic assemblage northward until Gyajo La at the 
most northern, and structurally highest, point reached in the study area. Importantly, minor 
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amounts of muscovite remains (1-4%) in the rock up to the structurally highest point in the study 
area.     
 
2.5 Crustal Melting  
 There are two distinct phases of anatexite within this region. The older phase 
occurs as quartz-rich boudins at lower structural levels and becomes more abundant and lit-par-
lit in character, associated with residuum, at higher structural levels (Figure 2.7D). This phase of 
anatexite comprises approximately 1-15% of total rock volume at low structural levels with an 
increase up-structural section from 15-55% of total rock volume beginning to markedly increase 
above the distinctive quartzite layer mapped between Bhandar and Kenja (Figure 2.1). The 
anatexite is typically fine to medium grained with a general composition of 30-50% quartz + 30-
45% feldspar + 10% muscovite  ± 5-10% biotite ± 5-15% alumnosilicate.  
The younger anatexite phase predominantly occurs as undeformed pods that cross-cut 
both the country rock and the stratiform anatexite. This phase is typically coarse grained to 
pegmatitic with a general composition of 40% quartz + 35% feldspar + 10% biotite + 10% 
muscovite (books) ± 5-10% tourmaline (Figure 2.7F). In localized occurrences this younger 
anatexite is partially deformed indicating it is very late-to-post tectonic.  
 
2.6 Discussion  
No discrete thrust faults or localized high strain zones were observed in the study area; 
there is evidence of pervasive ductile strain throughout the study area. The metamorphism and 
deformation recorded in these rocks are interpreted to indicate that the rocks in the study area 
represent the exhumed metamorphic core of the orogen, the GHS, in the hanging wall of the 
Main Central thrust. This interpretation differs from that of Ishida (1968) who mapped the rocks 
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in this area as several “formations”, each separated by a thrust fault. This also differs from the 
interpretations of Schelling (1992) who mapped the Main Central thrust through this study area 
just above the phyllitic schist unit (Figure 2.13).  
The observed shear sense recorded in outcrop and at the microscopic scale indicates top-
to-the-south sense deformation throughout the entire section studied. This is consistent with the 
shear sense commonly observed throughout the Himalaya at similar structural levels within GHS 
rocks in the hanging wall of the Main Central thrust (e.g., Heim and Gansser, 1939; Lefort, 1975; 
Burchfiel and Royden, 1985). The general north-northeast trend of lineations in the study area 
(Figure 2.9) indicates tectonic transport directions to the south and southwest. This is consistent 
with fabrics observed in other areas of Nepal (e.g., Larson and Godin, 2009) 
Temperatures of deformation were estimated using, (1) quartz recrystallization textures 
and, (2) quartz LPO patterns. The quartz recrystallization textures indicate that high-temperature 
grain boundary migration (GBM) was the dominant mechanism of recrystallization across the 
study area. As noted above grain boundary migration recrystallization is consistent with regime 3 
of Hirth and Tullis (1992) and associated with deformational temperatures of 500-700°C (Stipp 
et al., 2002). This is consistent with pervasive ductile shearing throughout the study area and all 
rocks belonging to GHS. Quartz recrystallization textures indicate a general increase in 
deformational temperatures up structural section. Rocks at lower structural positions exhibit 
slightly irregular grain boundaries, inequigranular grain size distribution, undulose extinction and 
initial development of internal subgrain boundaries indicative of deformational temperatures at 
the lower end of the 500-700°C range for regime 3 of Hirth and Tullis (1992). While closer to 
the top of the structural section in this study area the quartz exhibits distinct subgrain boundaries 








































































































































Figure 2.13 - Lithotectonic correlations between previous studies that have examined a portion of the 




greater than ~630°C (Stipp et al., 2002) or ranging between 650 and 750°C (Lister and 
Dornsiepen, 1982; Mainprice et al., 1986). The deformational temperatures indicated by quartz 
LPO patterns also appear to increase up-structural section with the disappearance of coherent 
cross-girdle patterns and the activation of prism <c> slip above the distinctive quartzite layer 
which generally initiates near temperatures of ~650˚C (Law et al., 2004). Moreover, quartz LPO 
patterns derived from quartzite specimens confirm other observations of top-to-the-south shear 
sense. The apparent deformation temperature gradient parallels the observed inverted 
metamorphic field gradient and indicates a contemporary relationship between deformation and 
metamorphism.  
The first appearance of the alumnosilicates kyanite and sillimanite occur in association 
with anatectic pods before they are observed within the unaffected paleosome. Kyanite’s initial 
appearance in anatexite indicates that either the anatexite formed under kyanite-grade conditions 
or that it was introduced and later metamorphosed to kyanite grade. In either case, the country 
rock may not have grown kyanite because, in contrast to the partial melt, it might not have had 
the free aluminum required to form it. Sillimanite’s first appearance is also associated with 
anatexite. The surrounding country rock, however, contained kyanite. This is consistent with the 
interpretation that the alumnosilicate-bearing anatexite crystallizes directly at either kyanite or 
sillimanite grade rather than being taken to higher metamorphic conditions post-crystallization. 
This indicates that the anatexite was either emplaced by injection at slightly higher grade 
conditions or that the composition of in-situ anatexite was able to crystallize the alumnosilicate 
minerals at the current P-T conditions. 
The sillimanite + quartz ± muscovite ± K-feldspar ± magnetite intergrowths occurring as 
nodules (faserkiesel) are observed at high structural levels in the study area. The formation of a 
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faserkiesel texture is believed to be controlled by a preferential composition of metasedimentary 
rocks although their origin is still considered enigmatic. Tippett (1984) suggested that the 
presence of faserkiesel indicates the former presence of a stable K-feldspar + sillimanite 
assemblage that has been subjected to retrograde metamorphism involving paired ionic 
equilibria. However, the preferential alignment of the faserkiesel with the regional foliation 
indicates that the formation of these intergrowth nodules must have been pre-to syn-tectonic 
consistent with their formation early in the protracted metamorphic history of the mid-crust.  
Although the variations throughout the lithological units described above are interpreted 
to be reflections of the protoliths of metasedimentary rocks it is possible that the thickness of 
some units and potential duplication of similar units could be achieved through folding or ductile 
duplex formation. The absence of a repetition of the graphitic marker bed, however, argues 
against significant structural duplication. Outcrop-scale isoclinal folding with an associated 
horizontal fold axial plane was observed in the intercalated micaceous schist and within the 
quartzite layer (Figure 2.5B) so although large-scale duplication is unlikely, smaller scale 
duplication certainly occurs. This recumbent folding is typical of high-grade metamorphic zones 
and is consistent with vertical thinning and horizontal extension (Price, 1972; Larson et al., 
2010a).  
In the adjacent Tama Kosi valley to the west, Larson (2012) proposes a boundary 
between differing structural styles of extending flow (extension in the direction of flow) in the 
upper portion of the GHS and compressing flow (shortening in the direction of flow) in the lower 
portion of the GHS (e.g., Larson et al., 2010; Yakymchuk and Godin, 2012). The transition 
between these two distinct flow types would correspond approximately with the distinctive 
quartzite layer if extrapolated into the current study area. This quartzite layer could potentially 
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represent a similar boundary between these different flow types. The following chapter will 
assess the presence or absence of this lithologic and structural boundary in the study area and use 
detailed analytical data derived from the GHS to assess the validity of the different models 
proposed for its evolution. 
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 CHAPTER 3 
 
MINERAL CHEMISTRY, GEOTHERMOBAROMETRY AND U-TH-PB 
GEOCHRONOLOGY OF ROCKS IN THE LIKHU KHOLA REGION, EAST 
CENTRAL NEPAL 
 
3.1 Introduction  
The evolution of the mid-crustal core of the Himalayan orogen, the Greater Himalayan 
sequence (GHS), is currently one of the most contentious issues in Himalayan geologic research. 
Debate over which of the different models currently proposed for the evolution of the Himalaya, 
such as critical taper wedge (e.g., Kohn, 2008) and extrusion of a ductile mid-crust termed 
“channel flow” (Beaumont et al., 2001; Grujic et al., 2002; Beaumont et al., 2004; Jamieson et 
al., 2004, 2006; Jamieson & Beaumont, 2011) best describes or explains the geologic data is on 
going (e.g., Grujic, 2006; Harrison, 2006; Harris, 2007; Kohn, 2008; Larson et al., 2011; Corrie 
et al., 2012). Moreover, the models of Larson et al. (2010a) and Yakymchuk and Godin (2012) 
predict a combination of the two separated by a discontinuity. The majority of the data 
incorporated into the evolutionary models proposed have largely been extracted from the GHS. 
Detailed study of the GHS in the Likhu Khola region of east-central Nepal (Figure 1.1) has been 
undertaken in order to compare and contrast the viability of these models (see section 1.2.3 of 
this thesis for an overview of the models) 
As outlined by Gervais and Brown (2011) critical taper wedge models predict an increase 
in temperature and pressure up structural section with short crustal residence times at high 
temperatures, syn-kinematic metamorphism and systematically younger timing of exhumation 
towards the foreland involving discrete ductile to brittle thrusts that may induce stratigraphic 
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repetition. In contrast, mid-crustal channel flow models predict protracted crustal residence times 
at high temperatures and broadly synchronous exhumation that is coeval with burial of footwall 
material. In this chapter, the GHS in the study area is divided into metamorphic zones, garnet 
chemistry and zonation is determined and metamorphic pressure-temperature (P-T) estimates are 
made to evaluate any possible metamorphic and structural discontinuities across this section of 
the GHS. In situ monazite geochronology with concomitant trace element data is incorporated 
with both the metamorphic and structural data to constrain the timing of deformation and 
metamorphism. The time-constrained P-T conditions along with the presence or absence of 
metamorphic or structural discontinuities can be used to discern between the models proposed 
for the GHS.  
 
3.2 Metamorphic Zonation 
As reported in Chapter 2, metamorphic grade and anatexite content increases up-
structural section in the study area from upper greenschist to upper sillimanite grade with the 
appearance of key index minerals. Petrography was conducted on thirty-one specimens collected 
from the Likhu Khola region and the related mineral assemblage data allows definition of four 
metamorphic zones, described below. 
 
3.2.1 Garnet Zone I 
Garnet zone I extends over a horizontal distance of 8.2 km from the southernmost portion 
of the study area to a distinctive quartzite layer northeast of Bhandar (Figure 3.1). This zone 
contains micaceous phyllitic schist, a distinctive graphitic marker unit, localized calc-silicate 
intercalations and a quartzite layer to mark the structurally highest boundary. The interpreted 















































































































































Figure 3.1 - Simplified map of the upper Likhu Khola study area showing the metamorphic zones and 
locations of specimens used for P-T geothermobarometry and U-(Th)-Pb geochronology. An outline of 
Nepal showing the study area and location of this map within the overall study area is included. The 

























































present accessory phases of tourmaline ± ilmenite ± zircon ± monazite ± epidote ± apatite. 
Garnet is seen throughout this zone as porphyroblasts ranging in size from 0.5 mm to 3 mm in 
diameter and sometimes occurs as sigma and delta-type porphyroblasts (Figure 2.4F). The 
anatexite content of this zone typically ranges from 1-15%. It is locally chaotic and quartz 
dominated with subsidiary components of feldspar and biotite. 
 
3.2.2 Garnet Zone II 
Garnet zone II extends over a horizontal distance of approximately 7.4 km from the top 
of the quartzite layer to the first appearance of alumnosilicate minerals in paleosome (Figure 
3.1). This zone contains quartz + muscovite + biotite ± garnet schist with intercalated 
psammopelitic metasedimentary rocks and local lenses of calc-silicate rocks. The interpreted 
peak assemblage of this unit is quartz + feldspar + muscovite + biotite + garnet with locally 
present accessory phases of tourmaline ± zircon ± apatite ± monazite ± ilmenite. The garnet 
throughout this zone is large (<2.25 x 2 mm) and is commonly spatially related to the anatexite 
lenses (Figure 2.5E). Anatexite comprises 15-25% of total rock volume within this zone and is 
composed of quartz + feldspar + muscovite + biotite ± garnet.  
 
3.2.3 Kyanite Zone 
The kyanite zone extends over a horizontal distance of approximately 2.8 km from the 
first appearance of kyanite in the country rock until it gives way to sillimanite at higher structural 
levels (Figure 3.1). This zone contains kyanite-bearing schistose gneiss. The interpreted peak 
assemblage of this zone is quartz + feldspar + biotite + muscovite + garnet + kyanite with locally 
present accessory phases of tourmaline ± zircon ± apatite ± monazite ± ilmenite. The garnet 
grains throughout this zone fluctuate in size with localized quartz-rich layers containing large 
50
grains (<3.5 x 2.5 mm) and other portions of this zone containing much smaller grains (>0.13 x 
0.13 mm).  The anatexite at this level occurs as two distinct phases, which together comprise up 
to 45% of the total rock volume. One phase of the anatexite occurs as foliation parallel 
leucosomes (Figure 2.7D whereas a younger pod-like phase crosscuts both the foliation and the 
stromatic anatexite locally (Figure 2.7E).  
 
3.2.4 Sillimanite Zone 
The sillimanite zone extends over a horizontal distance of greater than 10 km from the 
complete disappearance of kyanite in favour of sillimanite to the structurally highest location 
reached in the study area at Gyajo La (Figure 3.1). This zone contains sillimanite-bearing gneiss 
and migmatite (rock with >45% of total rock volume composed of anatexite) with an interpreted 
peak assemblage of quartz + feldspar + sillimanite + biotite + muscovite with locally present 
accessory phases of zircon ± monazite. The garnet grains throughout this zone vary greatly in 
size and distribution similar to that observed in the kyanite zone. Both phases of the anatexite 
occur commonly, which together comprise >45% of the total rock volume. The older, foliation-
parallel phase of the anatexite comprises quartz + feldspar + minor biotite. The younger phase 
that crosscuts both the foliation and the older anatexite phase is composed of quartz + feldspar + 
biotite + muscovite (in the form of books) ± tourmaline.  
 
3.3 Mineral chemistry and texture 
3.3.1 Methodology 
Ten specimens were selected for a detailed geothermobarometric study in order to 
constrain the P-T evolution of this section of the GHS exposed in the Likhu Khola. A Cameca 
SX100 electron microprobe housed at the Saskatchewan Research Council in Saskatoon was 
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utilized for qualitative and quantitative analyses. Multiple garnet, biotite, muscovite and 
plagioclase grains from selected specimens were analyzed for quantitative compositional data. In 
order to estimate the peak temperature and pressure conditions recorded by these minerals the 
chemical zonation was investigated to determine whether they posses prograde, retrograde or 
homogeneous zoning (e.g., Jessup, 2008; Yakymchuck and Godin, 2012). Qualitative chemical 
maps were acquired for garnet grains representative of each metamorphic zone in order to 
investigate their potential compositional zonation. Garnet grains were selected based on their 
proximity and textural relationship to biotite, muscovite and plagioclase and the potential of the 
grains to represent sections through their core. The representative garnet grains were imaged 
using backscattered electron microscopy (BSE) and mapped for Fe, Ca, Mg, Mn, Al, K, Na, Th 
and Y by wavelength dispersive spectrometry with an accelerating voltage of 15kV and a beam 
current of ~200 nA. 
Quantitative major element concentrations were obtained with the Cameca SX100 
operating at 15-20 kV with a beam size of ~10nm and current of 20nA. Line transects and single 
point data taken along garnet, biotite, muscovite and feldspar grains were performed on multiple 
grains per specimen. This compositional transect data paired with the chemical maps were used 
to determine what data to use in geothermobarometric calculations (see below). The 
geothermobarometric methods employed generally rely on garnet chemistry to estimate both 
pressure and temperatures. As such detailed examination of garnet is a necessary first step, the 
results of which are presented below. 
almandine (Fe2+) along the secondary y-axis on the right side and spessartine (Mn), pyrope 
(Mg) and grossular (Ca) along the primary y-axis on the left side. The x-axis is the distance 
across the garnet grain, which 
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059 - Sillimanite Zone 
Figure 3.2 - Composition charts of one representative garnet grain from each specimen analyzed with 
geothermobarometry. The data is from rim to core to rim and presented in mol% with almandine (Fe2+) 
along the secondary y-axis on the right side and spessartine (Mn), pyrope (Mg) and grossular (Ca) 
along the primary y-axis on the left side. The x-axis is the distance across the garnet grain, which is 
approximately 10 um between each spot location. The graphs are read like a book from the structurally 
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One representative transect of garnet per specimen is presented in Figure 3.2 as mol% for 
Almandine (Fe2+), Spessartine (Mn), Pyrope (Mg), and Grossular (Ca). Detailed descriptions of 
the garnet grains from specimens utilized for geothermobarometric analyses will be discussed 
from structurally lowest to highest.  
The structurally lowest specimen, 013, is within Garnet Zone I. Garnet grains record Mn 
and Ca decreasing from core to rim and Mg and Fe increasing from core to rim (Figure 3.2). This 
trend is typical of prograde garnet growth at medium grade metamorphism (Yardley, 1977; Spear 
et al., 1990; Kohn and Spear, 2000) The chemical map of a representative grain confirms this 
distinct prograde growth zonation (Figure 3.3A). In this case the chemistry at the rims of the 
garnet is interpreted to represent peak or near-peak conditions (Hollister, 1966).  
Specimen 032 is structurally higher within the Garnet zone I. The transect of garnet in 
this specimen shows minor zonation with Mg decreasing from core to rim, Fe increasing from 
core to rim and Mn and Ca remaining consistent (Figure 3.2). The Fe trend is suggestive of relict 
prograde zonation with the Mg trend suggestive of diffusional zonation (Yardley, 1977; Spear, 
1993). The chemical mapping of a representative garnet grain from this sample reveals additional 
information. There is an inclusion-rich core retaining very slightly elevated Mn and Ca relative 
to the large inclusion-free rim that indicates preservation of relict prograde growth zonation 
(Figure 3.3B, Yardley, 1977; Spear, 1993). There is also a sharp increase in Mn along the rim of 
the garnet that may be attributed to garnet resorption and the preferential retention of Mn as a 
resorption rind (Florence and Spear, 1991; Kohn and Spear, 2000). The transect data did not 
reflect this feature due to its very thin profile along the rim only (Figure 3.3B). The rim of the 












Figure 3.3 - Chemical maps of garnet representative of each type of chemical zonation present through-
out the Likhu Khola study area. Compositional maps for Fe, Ca, Mg and Mn were obtained by Electron 
Microprobe housed at SRC labortories, Saskatoon operated at 15 Kv and 200 nA. See text for full 
descriptions. In specimens 013, 032 and 048 the color scales have been altered, creating a relative scale 
















A - 013,  Garnet Zone I
B - 032, Garnet Zone I
C - 039, Garnet Zone II
D - 039b, Garnet Zone II
E - 048, Kyanite zone
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rind (Figure 3.3B). In this case, compositional data from the large inclusion free rim, but 
carefully avoiding the Mn-rich resorption rind, is taken to best represent the peak or near-peak 
metamorphic conditions. 
Specimen 035 represents entry into Garnet zone II. The transect data records relatively 
flat trends of Mn, Mg, Ca and Fe in the core with rim compositions recording large increases of 
Mn and decreases of Mg and to a lesser degree Fe (Figure 3.2). In this case the Mn rich 
resorption rind attributed to garnet resorption and the preferential retention of Mn (Florence and 
Spear, 1991; Kohn and Spear, 2000) is recorded in the transect data. Compositional data from the 
core of grains, avoiding the Mn-rich resorption rind, is used to best represent the peak or near-
peak metamorphic conditions. 
Specimen 039 is within the Garnet zone II and contains garnet grains with different 
zonation patterns. The smaller garnet grains within this specimen 039a (~560 um in diameter) 
have little to no inclusions, Mn increasing from core to rim, Ca decreasing from core to rim and 
consistent Mg that likely represents diffusional zoning (Figures 3.2 and 3.3C; Yardley, 1977; 
Kohn and Spear, 2000). The larger garnet grains from specimen 039b (>1000 µm in diameter) 
have the opposite trend with numerous inclusions throughout, Mn decreasing from core to rim, 
and Ca increasing from core to rim, more consistent with preserved prograde growth zoning 
(Figures 3.2 and 3.3D). The preserved prograde growth zoning of these garnet may be attributed 
to the large size of the garnet where chemical diffusion would take significantly longer to reach 
the core compared to smaller grains. The chemical map shows significant embayment and 
therefore resorption of the garnet (Figure 3.3C and D). The cores of the smaller diffusional zoned 
garnet grains, avoiding the Mn resorption rind, and the rims of the larger prograde growth garnet 
grains are taken to represent peak or near-peak metamorphic conditions. 
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Specimens 044 and 046 are from structurally higher in Garnet zone II and display classic 
diffusional zonation commonly seen in the core of the GHS (e.g., Catlos et al., 2002; Simpson, 
2002; Searle et al., 2003; Jessup et al., 2008). Mn is close to homogeneous throughout the core 
with a pronounced increase close to the rims. Mg and Ca decrease from core to rim (Figure 3.2) 
with Mg again showing the more pronounced decrease in concentration close to the rims. These 
trends indicate the presence of an Mn-rich resorption rind as seen in specimens 032, 035 and 
039. Specimen 044 also shows a higher Mn concentration relative to 046 (Figure 3.2). The Fe 
trends in these specimens differ from each other with specimen 044 showing a decrease from 
core to rim and 046 increasing from core to rim. In both cases the core composition of the garnet 
were used to represent the peak or near-peak metamorphic conditions.  
Specimen 048 represents entry into the kyanite zone and shows negligible variations in 
Mn, Mg, and Ca, with minor irregularities in the Fe (Figure 3.2). The chemical map also shows 
no zonation with an inclusion rich core, inclusion free rim and locally embayed grain boundary 
(Figure 3.3E). This lack of zonation may represent homogenization of the grain’s elemental 
composition due to diffusional processes at the high temperatures experienced at this structural 
level (e.g., Jessup et al., 2008; Larson et al., 2010a). Subsequent creation of the Mn-rich 
resorption rind can be associated with similar retrograde net transfer reactions (Kohn and Spear, 
2000) that are observed in most samples. In this case the average of the transect data (excluding 
the rims) is used to represent the closest approximation of peak metamorphic conditions. 
Specimens 051, 052 and 055 are within the sillimanite zone. The rocks in this zone are 
sillimanite-rich with no kyanite remaining. Garnet grains in these rocks show minor but 
appreciable variation in zoning representing diffusional retrograde exchange. Mn increases 
slightly from the core to rim, with a large spike in increased Mn content along in the rim in 
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specimen 055 (Figure 3.2) indicating the presence of an Mn-rich resorption rind. Garnet grains in 
all three specimens have inclusion-rich cores with inclusion-free rims, irregular shapes and 
locally embayed grain boundaries. The inclusions are dominantly quartz with local biotite, 
muscovite and rare feldspar. Specimen 055 appears to record an earlier fabric orientation 
delineated by quartz inclusions within garnet. For these specimens, the core composition of the 
garnet is taken to represent peak or near-peak metamorphic conditions. 
The structurally highest specimen 059 is within the sillimanite zone. It appears to 
preserve diffusional zonation, specifically with Mg decreasing distinctly from core to rim (Figure 
3.2; Spear, 1993). Mn and Fe slightly increase in concentration from core to rim but cannot be 
definitive to assess the presence of an Mn-rich resorption rind diffusional zonation!"The garnet 
grains in this specimen are full of inclusions with no distinct inclusion-free rims and embayed 
grain boundaries. The core composition of garnet in this specimen is taken to represent peak or 
near-peak metamorphic conditions. 
 
3.4 Metamorphic P-T estimates 
3.4.1 Methodology 
Temperatures and pressures were estimated using a combination of geothermobarometric 
methods. Method 1 utilized THERMOCALC v.3.26 in average-PT mode with the internally 
consistent data set of Holland and Powell (1998). The fluid content was assumed to be pure H2O 
in equilibrium with the peak metamorphic assemblage (e.g., Kellet et al., 2010) as no graphite or 
carbonate was identified in any of the specimens analyzed. The THERMOCALC calculations 
can be sensitive to the fluid composition (Yakymchuk and Godin, 2012) therefore a second 
method was employed to compare the calculated temperatures and pressures. For method 2, 
temperatures and pressures were calculated using the garnet-biotite-plagioclase 
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geothermobarometer of Wu et al. (2006), which is calibrated against the 5AV garnet-biotite 
geothermometer of Holdaway (2000) and the garnet-aluminosilicate-plagioclase (GASP) 
geobarometer of Holdaway (2001). For the structurally lowest specimen, 013, only the Wu et al. 
(2006) method were used to estimate temperature due to the absence of plagioclase. No suitable 
geobarometer was found for the assemblage of specimen 013. 
Examining the chemical zonation of the garnet, plagioclase, biotite and muscovite is 
essential in selecting the data that best represents the peak P-T estimates as discussed above (see 
section 3.3.1). Garnet compositions with the lowest Fe# (Fe/Fe+Mg) and Mn were generally 
chosen to use for P-T calculations. This is the closest approximation of the garnet composition 
prior to resorption and diffusion effects during a high-grade metamorphic overprint (e.g., Spear 
and Peacock, 1989, Jessup et al., 2008). This Fe# and Mn criteria associates well with the core of 
garnet grains that exhibit diffusional zonation and the near-rim data for garnet that preserved 
prograde growth zonation as discussed above. In specimens exhibiting diffusional zonation any 
excessively large increase in Mn directly at the rim was carefully avoided because this represents 
a diffusional resorption process that postdates the peak metamorphic conditions.  
Biotite was investigated with line transects across large grains and grain clusters with 
negligible zonation found. For specimens that showed diffusional growth zonation in garnet the 
average compositions of matrix biotite were exclusively used because the retrogressive diffusion 
reactions would affect the biotite that is in contact or close proximity to garnet. In the specimens 
that preserved growth zoning, the average of biotite both in the matrix and in close proximity of 
garnet was used. Muscovite analyses were also conducted as line transects across small grains 
and large sheaths with negligible zonation found. Compositions used for geothermobarometry 
follow the same principles as the selection for biotite. Transects of plagioclase feldspar also 
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revealed negligible zonation and therefore the same procedure of data selection for biotite and 
muscovite was used. 
The one exception to the above-mentioned selection technique was specimen 013; it 
contains a lack of available near-rim biotite. Therefore, because of specimen 013’s distinctive 
prograde growth zonation, the rim compositions of garnet were used with near-rim muscovite 
and matrix biotite. Certain garnet grains were observed to have retrograde biotite pervasively 
disseminated throughout fractures within the garnet therefore data from these garnet were 
excluded from P-T calculations.  
 
3.4.2 Results 
The compositional data used during THERMOCALC P-T calculations is presented in 
Table 1 with results in Table 2. Compositional data and results from the garnet-biotite-
plagioclase geothermobarometer of Wu et al. (2006) are presented in Table 3. All compositional 
data can be found in APPENDIX B. All calculated pressure and temperatures are presented in 
Table 1. The same P-T trend is evident in the results from both methods, however, we will focus 
on the THERMOCALC results due to the garnet-biotite-plagioclase geothermometer of Wu et al. 
(2006) returning temperature values that are too low to be associated with the high degree of 
partial melting observed in the structurally highest portions of the study area. A petrogenetic grid 
in the KFMASH system, suitable for these metapelitic rocks (e.g., Yakymchuk and Godin, 
2012), predicts vapour-saturated melting at temperatures >700°C (Figure 3.4); however, all P-T 
estimates calculated with the Wu et al. (2006) geothermobarometer plot on the solidus side of the 
muscovite dehydration-melting curve on the KFMASH petrogenetic grid (Figure 3.4). 
THERMOCALC P-T estimates plot on the liquidus side of the muscovite dehydration-melting 
curve and each specimen plots within error of P-T space that is reasonable for the mineral phases 
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Table 1. Mineral compostions used for P-T calculations in THERMOCALC
Sample Mineral  SiO2  TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO  MgO CaO  Na2O  K2O
013 bt 34.49 1.34 18.59 0.00 0.00 17.74 0.01 9.67 0.27 0.16 7.67
013 gt 35.89 0.05 21.87 0.00 0.00 35.45 0.10 2.32 5.13 0.01 0.08
013 ms 43.31 0.26 34.72 0.00 0.00 1.33 0.00 0.78 0.03 0.84 8.48
032 bt 37.03 1.49 19.53 0.00 0.00 16.16 0.06 12.44 0.03 0.32 8.56
032 gt 37.60 0.00 21.18 0.00 0.00 31.43 0.99 5.20 3.85 0.01 0.00
032 ms 47.06 0.52 36.80 0.00 0.00 1.29 0.00 0.93 0.03 1.20 9.08
032 plag 61.07 0.00 24.90 0.00 0.00 0.02 0.00 0.00 5.65 8.76 0.09
035 bt 36.57 1.74 18.34 0.00 0.00 18.74 0.17 10.34 0.12 0.28 8.67
035 gt 37.35 0.01 21.97 0.00 0.00 31.29 1.80 4.29 3.85 0.01 0.00
035 ms 48.26 0.70 34.20 0.00 0.00 3.23 0.02 1.00 0.03 0.77 8.36
035 plag 63.02 0.00 23.96 0.00 0.00 0.05 0.01 0.00 4.81 8.48 0.13
039 bt 34.32 3.32 17.98 0.00 0.00 24.02 0.29 5.90 0.01 0.07 9.40
039 gt 36.64 0.04 21.66 0.00 0.00 29.53 1.28 1.34 10.33 0.01 0.00
039 ms 47.60 0.89 34.36 0.00 0.00 2.71 0.03 1.11 0.00 0.26 9.63
039 plag 60.24 0.00 24.86 0.00 0.00 0.06 0.01 0.01 5.44 8.41 0.23
044 bt 33.52 3.57 17.90 0.00 0.00 25.48 0.20 4.65 0.11 0.08 8.89
044 gt 35.60 0.00 21.40 0.00 0.00 34.83 2.89 1.64 4.16 0.00 0.00
044 ms 45.88 1.09 34.91 0.00 0.00 2.30 0.01 0.75 0.11 0.29 9.58
044 plag 59.19 0.00 25.45 0.00 0.00 0.04 0.01 0.00 6.31 7.95 0.23
046 bt 34.84 2.43 19.21 0.00 0.00 22.51 0.04 7.93 0.02 0.22 8.77
046 gt 36.18 0.00 20.94 0.00 0.00 37.50 1.38 2.73 1.36 0.00 0.01
046 ms 46.17 0.97 36.08 0.00 0.00 1.59 0.00 0.75 0.02 0.86 9.36
046 plag 64.72 0.00 23.06 0.00 0.00 0.04 0.00 0.00 3.20 9.82 0.08
048 bt 33.18 2.89 18.80 0.00 0.00 19.35 0.01 8.26 0.02 0.24 9.04
048 gt 35.20 0.00 21.88 0.00 0.00 36.87 0.55 2.90 1.95 0.00 0.01
048 ms 46.18 1.12 35.91 0.00 0.00 1.27 0.00 0.70 0.04 0.72 8.34
048 plag 62.45 0.00 23.88 0.00 0.00 0.02 0.00 0.00 4.74 8.22 0.19
051 bt 33.65 3.33 19.67 0.00 0.00 20.36 0.15 7.26 0.04 0.13 9.44
051 gt 36.39 0.01 21.42 0.00 0.00 33.77 4.02 3.24 1.83 0.01 0.00
051 ms 45.75 0.95 37.06 0.00 0.00 1.31 0.01 0.64 0.04 0.31 9.43
051 plag 59.82 0.00 24.64 0.00 0.00 0.01 0.01 0.00 5.36 8.50 0.37
052 bt 34.11 3.71 18.32 0.00 0.00 21.51 0.12 6.34 0.03 0.15 9.61
052 gt 35.13 0.00 21.46 0.00 0.00 36.10 2.85 2.45 1.28 0.00 0.00
052 ms 48.12 0.92 35.99 0.00 0.00 1.38 0.02 0.56 0.02 0.45 9.18
052 plag 62.04 0.00 24.08 0.00 0.00 0.27 0.02 0.00 4.84 8.33 0.21
055 bt 34.31 3.46 19.58 0.00 0.00 22.17 0.13 6.58 0.05 0.16 9.34
055 gt 35.67 0.00 20.73 0.00 0.00 34.80 4.87 2.18 1.19 0.00 0.00
055 ms 45.73 1.19 36.80 0.00 0.00 1.34 0.01 0.53 0.01 0.47 10.03
055 plag 60.47 0.00 24.34 0.00 0.00 0.09 0.01 0.00 5.19 8.83 0.24
059 bt 32.73 3.14 19.11 0.00 0.00 22.88 0.05 5.72 0.05 0.14 9.69
059 gt 34.45 0.00 21.50 0.00 0.00 37.94 1.40 2.50 1.14 0.00 0.01
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Table 1. Mineral compostions used for P-T calculations in THERMOCALC continued
Sample Mineral  SiO2  TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO  MgO CaO  Na2O  K2O
059 ms 45.52 0.60 35.95 0.00 0.00 1.45 0.00 0.51 0.01 0.43 9.33
059 plag 60.55 0.00 23.73 0.00 0.00 0.19 0.01 0.00 4.87 8.61 0.20
Table 2. Results from THERMOCALC v3.26 in average-PT mode
Sample T (°C) ± 2! P (Kbar) ± 2! cor sigfit
032 772 37 10.8 1.2 0.764 0.58
035 845 51 11.6 1.4 0.75 0.7
039 851 61 11.8 1.4 0.808 1.04
044 888 245 10.4 3.2 0.947 0.1
046 817 56 8.5 1.9 0.755 1.27
048 852 53 8.9 1.5 0.816 0.72
051 828 51 7.8 1.4 0.808 0.51
052 804 50 6.7 1.3 0.812 0.41
055 796 50 6.5 1.3 0.82 0.34
059 853 58 7.0 1.4 0.804 0.42
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Table 3. P-T calculations using a Gt-Bt-Plag geothermobarometer from Wu et al., (2006)
Bt Bt Bt Bt Plag Plag Plag Gt Gt Gt Gt
Specimen Fe(tot) Mg Al(VI) Ti Ca Nal K Fet Mg Ca Mn 
013 1.179 1.145 1.741 0.800 2.383 0.278 0.442 0.007
032 0.999 1.371 1.701 0.083 0.272 0.740 0.005 2.073 0.618 0.344 0.056
035 1.187 1.167 1.636 0.099 0.227 0.722 0.007 2.069 0.506 0.327 0.121
039 1.571 0.688 1.658 0.195 0.261 0.730 0.013 1.969 0.160 0.882 0.087
044 1.695 0.551 1.678 0.214 0.304 0.693 0.013 2.369 0.199 0.363 0.199
046 1.450 0.893 1.743 0.133 0.129 0.855 0.006 2.564 0.335 0.105 0.082
048 1.287 0.978 1.761 0.172 0.248 0.769 0.012 2.523 0.353 1.171 0.038
051 1.326 0.843 1.805 0.195 0.259 0.743 0.021 2.273 0.388 0.158 0.274
052 1.942 1.018 2.615 0.383 0.230 0.716 0.012 2.484 0.300 0.113 0.199
055 1.427 0.754 1.773 0.200 0.245 0.754 0.017 2.416 0.294 0.107 0.318
059 1.525 0.679 1.795 0.188 0.236 0.755 0.012 2.630 0.309 0.101 0.098
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P-T estimates from Gt-Bt-Plag geothermobarometer of Wu et al., (2005) 
P-T estimates from THERMOCALC v.3.26 in average P-T mode
1 Muscovite + quartz = Al2SiO5 + K-feldspar + H2O
2 Muscovite + quartz = Al2SiO5 + K-feldspar + liquid
3 Muscovite + quartz + H2O = Al2SiO5 + liquid
4 K-Feldspar + Al2SiO5 + quartz + H2O = liquid



















































Figure 3.4 - P/T estimates using multiple methods plotted on a KFMASH petrogenetic grid modified 
after Spear et al. (1999) in order to compare geothermobarometers. Results from the Wu et al. (2006) 
Gt-Bt-Plag geothermobarometer calibrated against the geothermometer of  Holdaway (2000) and the 
geobarometer of Holdaway (2001) are in yellow. Associated error bars are ± 25 °C and ± 1 kbar. All of 
these temperature estimates plot on the solidus side of reactions 3 and 4. Results from THERMOCALC 
v.3.26  in average-PT mode are in red and plot on the liquidus side of reactions 3 and 4. Associated 
error bars are ± one standard deviation assigned by THERMOCALC. These results are more consisten 
with the P-T conditions associated with the observed mineral phases and partial melt textures in these 
specimens from the Likhu Khola study.
P-T estimates from Gt-Bt-Plag geothermobarometer of Wu et al. (2006) 
P-T estimates from THERMOCALC v.3.26 in average P-T mode
1 Muscovite + quartz = Al2SiO5 + K-feldspar + H2O
2 Muscovite + quartz = Al2SiO5 + K-feldspar + liquid
3 Muscovite + quartz + H2O = Al2SiO5 + liquid
4 K-Feldspar + Al2SiO5 + quartz + H2O = liquid



















quartz + muscovite + biotite ± garnet schist
sillimanite-bearing migmititie
K feldspar augen orthogneiss P/T results from Thermocalc v.3.26
P/T results from Wu et al. (2006)
error bars
Figure 3.5 - Metamorphic pressure and temperature estimates using multiple methods plotted next to a 
structural section of the Likhu Khola study area in true thickness. Results from the Wu et al. (2006) 
Gt-Bt-Plag geothermobarometer calibrated against the geothermometer of  Holdaway (2000) and the 
geobarometer of Holdaway (2001) are in yellow. Associated error bars are ± 25 °C and ± 1 kbar. Results 
from THERMOCALC v.3.26  in average-PT mode are in red. Associated error bars are one standard 
deviation assigned by THERMOCALC. A caculated lithostatic gradient of 0.59 Kbar/km is plotted next 
to a normal lithostatic gradient of 0.27 kbar/km (assuming a bulk crustal density of 2700 kg/m3).
P/T results excluded from 
interpretation due to 
unreasonably large errors
measured lithtstic gradient 
is 0.59 Kbar/km
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65
present (Figure 3.4). P-T results are also plotted next to a structural section with true thickness 
calculated from the cross section of the study area (Figure 3.5).  
Peak temperatures increase up structural section from specimen 013 at 566 ± 25 °C to 
039 at 851 ± 51 °C. The temperature subsequently ranges between ~800-850 °C from 046 to the 
structurally highest specimen 059 (Figure 3.5). The calculated temperature values within this 
range are within error of each other. The initial up-structural section increase in temperature is in 
agreement with the inverted metamorphic sequence found commonly throughout the Himalaya 
(e.g., Mallet, 1874; von Loczy, 1878; Oldham, 1883, Hodges, 2000; Searle et al., 2008).  
Calculated pressures also generally appear to increase up structural section from 
specimen 032 at 10.8 ± 1.2 kbar to 039 at 11.8 ± 1.4 kbar though they are actually within error of 
each other. The calculated pressures decrease significantly after specimen 039 from 11.8 ± 1.4 
kbar to 8.6 ± 1.4 kbar at specimen 046 and continues to drop to 6.5 ± 1.3 kbar at specimen 055, 
which is indistinguishable within error from the structurally highest pressure of 7.0 ± 1.4 kbar 
calculated from 059 (Figure 3.5).  
The errors associated with P-T estimates from specimen 044 are exceptionally large. A 
calculated temperature estimates of 888 ± 288 °C and pressure of 10.4 ± 3.2 kbar conform to the 
general P-T trend discussed above but have associated errors excessive enough to warrant further 
discussion. The small size and amount of garnet available for quantitative analysis in specimen 
044 is thought to be the main reason for the inaccuracy of the calculated P-T data. Only two 
garnets were large enough to use for geothermobarometric analysis and they appear to be 
significantly embayed, resorped and contain biotite disseminated in fractures indicating that the 
garnet may not be in equilibrium with the rest of the assemblage. Therefore P-T data calculated 
from this specimen is largely excluded. 
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The THERMOCALC temperature estimates for the upper portion of the GHS in the study 
area are all within error of each other and agree with the observations across the Himalaya of 
consistently high temperatures across the upper part of the GHS (e.g., Fraser et al., 2000; Larson 
et al., 2010a; Searle et al., 1999). This has been interpreted to indicate the effect of thermal 
buffering due to the pervasive in situ melt production (Hodges et al., 1988a). The calculated 
pressure estimates, however, are not within error of each other and delineate an apparent field 
gradient of decreasing pressures up-structural section. A regression line has been plotted through 
the apparent field gradient in order to compare it to a lithostatic gradient expected from normal 
mid-crust of similar composition (Figure 3.5). The calculated lithostatic pressure gradient across 
the decreasing up structural section of the Likhu Khola study area is 0.59 kbar/km, 
approximately twice the amount of a normal lithostatic gradient of 0.27 kbar/km (assuming a 
bulk crustal density of 2700 km/m3).  
 
3.5 U-Th-Pb monazite geochronology and Trace element analysis 
3.5.1 Methodology 
Monazite grains were indentified in six specimens from the suite of rocks analyzed for 
geothermobarometry using chemical mapping of thin sections for cerium, and phosphorus. A 
Cameca SX100 electron microprobe housed at the Saskatchewan Research Council in Saskatoon 
was utilized to construct these elemental maps with an accelerating voltage of 15 kV, a beam 
current of ~200 nA and a step size of ~ 30 microns. Suitable monazite grains were then mapped 
individually at high resolution to characterize the spatial proportions of U, Th, and Y in each 
grain. Zonation of Th, and Y within a monazite grain can be used to interpret the relative 
amounts of different elements available during crystallization events. Dating these different 
compositional domains may provide insight into the evolution of monazite growth and therefore 
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the rocks as a whole. Zonation of Y, a proxy for heavy rare earth elements (HREE), has 
specifically been shown to correlate with age domains within single monazite grains (Foster et 
al., 2002; Gibson et al., 2004; Kellett et al., 2010; Larson et al., 2011). An age-range within 
different domains of a single monazite grain may represent recrystallization, protracted or 
episodic growth. In previous studies, monazite growth in the presence of stable garnet is found to 
be relatively low in Y since garnet has a higher partition coefficient for Y and other HREE than 
monazite (Foster et al., 2002) whereas monazite growth prior to garnet growth and during garnet 
breakdown has been found to be high in Y and HREE (Kohn et al., 2005; Kellett et al., 2010). 
The Y zonation was closely monitored during the selection of U-Th-Pb spot analyses in order to 
provide age data entirely within distinct domains and avoid the overlap of different domains of 
ages that may be present in a single grain. 
These monazite grains were dated using a split stream LA-MC-ICP-MS system at the 
University of Santa Barbara, California (UCSB) that collects U-Th-Pb ratios for geochronology 
and trace element data concurrently. The system consists of a Nu Plasma MC-ICP-MA (Nu 
Instruments, Wrexham, UK) and a 193nm ArF laser-ablation system equipped with a two-
volume “HelEx” ablation cell that facilitates rapid transfer and washout of ablated material 
(Photon Machines, San Diego, USA). Analytical protocol is similar to that described by Cottle et 
al. (2009) with the modification that the collector arrangement on the Nu Plasma at UCSB allows 
for simultaneous determination of 232Th and 238U on highmass side Faraday cups equipped with 
1011 ohm resistors and 208Pb, 207Pb, 206Pb, and 204Pb on four low-mass side ETP discrete dynode 
secondary electron multipliers. U-Th-Pb analyses were conducted for 30s each using spot 
diameters ranging from 7 to 20 um in diameter, a frequency of 3 Hz, and 0.75 J/cm2 fluence 
(equating to crater depths of ~7–8 um). U-Th-Pb data from five samples were collected over four 
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analytical sessions. A primary reference material, “Managotry” monazite (554 Ma Pb/U isotope 
dilution–thermal ionization mass spectrometry [ID-TIMS] age; Paquette et al., 1994), was 
employed to monitor and correct for mass bias, as well as Pb/U and Pb/Th down-hole 
fractionation. To monitor data accuracy, two secondary reference monazites “FC-1” (55.7 Ma 
Pb/U ID-TIMS age; Horstwood et al., 2003) and “44096” (424 Pb/U Ma ID-TIMS age; 
Aleinikoff et al., 2006) were analyzed concurrently (once every 3-5 unknowns) and mass bias– 
and fractionation-corrected based on measured isotopic ratios of the primary reference material. 
During the analytical period, repeat analyses of FC-1 gave a weighted mean 206Pb/238U age of 
54.9 ± 0.4 Ma, mean square of weighted deviates (MSWD) = 0.9, and a weighted mean 
208Pb/232Th age of 57.2 ± 0.5 Ma, MSWD = 1.4 (2!). Data reduction was performed with IgorPro 
and Iolite software at UCSB. All uncertainties are quoted at 2! and include contributions from 
the external reproducibility of the primary reference material for the 207Pb/206Pb, 206Pb/238U, and 
208Pb/232Th ratios. 
Because of the young age of the monazite investigated in this study the radiogenic Pb 
signals are low. This results in relatively imprecise 207Pb/235U ages and difficulty in applying 
accurate 204Pb corrections. The data presented in this study are therefore presented as 206Pb/238U 
vs. 208Pb/232Th concordia diagrams. The monazite ages are also presented as 208Pb/232Th ages to 
avoid problems with excess 206Pb from unsupported 230Th causing slight reverse discordance 
(excess 206Pb) in the concordia diagrams. Data reduction of age and trace element data, including 
corrections for baseline, instrumental drift, mass bias, down-hole fractionation and uncorrected 
age calculations were carried out using Iolite version 2.1.2 (www.iolite.org.au). Full details of 
the data reduction methodology can be found in Paton et al (2011). Age data were plotted using 
Isoplot v.3.7 (Ludwig, 2003). 
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 3.5.2 Results 
The complete U-Th-Pb age data are presented in Table 4 with complete trace element 
data presented in APPENDIX C. Concordia diagrams plotting 206Pb/238U vs. 208Pb/232Th and age 
distribution histogram plots are shown in Figure 3.6. The textural context of representative 
monazite grains are shown in Figure 3.7 with embedded Y maps showing age spot locations.  
Trace element data plots with 208Pb/232Th age vs. total HREE and 208Pb/232Th age vs. Gd/Yb for 
each specimen are shown in Figure 3.8. Most of the specimens analyzed show distinct domains 
of different Y concentrations. These domains within monazite grains correspond to a trend with 
the concentrations of HREE very similar to the noted Y zonation. The interior cores of most 
monazite grains contain significantly lower Y concentrations, lower total HREE and higher 
Gd/Yb ratios than the exterior rims. In contrast, U and Th elemental maps and the light rare earth 
elements do not display any consistent, coherent pattern. Calculated ages from the study area the 
range from 27.4 ± 0.4 Ma to 15.3 ± 0.2 Ma with older ages always found in the low Y cores of 
the monazites. Each specimen analyzed will be discussed from structurally lowest to highest 
position. 
Specimen 046, from the top of Garnet II Zone (Figure 3.1), yielded ages of 24.7 ± 0.4 Ma 
(cores) to 15.7 ± 0.2 Ma (rims) from a total of 19 spot analyses within seven individual monazite 
grains (Figure 3.6A). A representative monazite grain from this specimen yielded the widest age 
range of 24.7 ± 0.4 to 15.7 ± 0.2 Ma is located in the matrix with close proximity to biotite, 
garnet and plagioclase (Figure 3.7A). Ages show an inverse relationship with Y and HREE 
concentrations (Figure 3.8A) while they show a positive correlation with Gd/Yb ratios (Figure 
3.8A).  
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Table 4. Complete age data from LA-ICP-MS analyses
Specimen Pb U Th Th/U 208/232 2! 207/206 2! 206/238 2! 208/232 2!
(ppm) (ppm)  (ppm) (%)  (%) (%)  age (abs)
046_Gt1_1 64 7820 50900 6.5 0.00091 2.32 0.1096 2.55 0.00289 2.21 18.4 0.4
046_Gt1_2 67 7710 51400 6.7 0.00092 1.52 0.1108 2.71 0.00297 2.38 18.6 0.3
046_Gt5_1 85 5610 50100 8.9 0.00119 1.59 0.1387 2.09 0.00398 2.81 24.1 0.4
046_Gt5_2 89 9310 53300 5.7 0.00119 2.02 0.1402 2.00 0.00382 2.94 24.0 0.5
046_Gt5_3 88 9340 53300 5.7 0.00117 1.79 0.1376 2.11 0.00375 2.55 23.7 0.4
046_Gt5_4 75 7860 54600 6.9 0.00100 2.20 0.1463 2.19 0.00325 3.58 20.2 0.4
046_Gt5_5 83 8440 55800 6.6 0.00107 1.88 0.1594 1.88 0.00351 2.94 21.5 0.4
046_Gt6_2 72 6490 47000 7.2 0.00110 1.46 0.1358 2.21 0.00355 2.75 22.2 0.3
046_Gt6_3 101 6370 60000 9.4 0.00121 1.57 0.1361 2.50 0.00403 2.69 24.4 0.4
046_Gt8_1 70 7230 48900 6.8 0.00102 1.57 0.1246 2.41 0.00325 2.69 20.5 0.3
046_Gt9_1 94 7660 59800 7.8 0.00112 1.79 0.1345 2.16 0.00366 2.78 22.6 0.4
046_Gt14_1 92 5780 53800 9.3 0.00122 1.47 0.1495 2.21 0.00410 2.54 24.7 0.4
046_Gt14_3 90 5830 55500 9.5 0.00116 1.82 0.1581 2.53 0.00399 2.85 23.4 0.4
046_Gt14_4 58 6080 53400 8.8 0.00078 1.41 0.1412 2.69 0.00260 2.54 15.7 0.2
046_Gt16_1 93 6920 56500 8.2 0.00117 2.40 0.1337 2.17 0.00385 3.41 23.6 0.6
046_Gt16_2 62 7000 50500 7.2 0.00087 1.61 0.1220 3.03 0.00277 2.70 17.6 0.3
046_Gt16_3 97 10010 57300 5.7 0.00121 1.99 0.1562 1.66 0.00387 2.81 24.3 0.5
046_Gt16_4 95 6370 57300 9.0 0.00119 1.93 0.1357 2.21 0.00395 3.08 24.1 0.5
046_Gt16_5 95 6230 56700 9.1 0.00119 1.60 0.1397 2.22 0.00399 2.80 24.0 0.4
048_Gt1_1 46 2989 37250 12.0 0.00087 1.72 0.1060 2.92 0.00289 2.83 17.6 0.3
048_Gt1_2 56 4160 39700 9.2 0.00101 1.29 0.1003 2.09 0.00322 2.12 20.3 0.3
048_Gt1_3 54 3381 40170 11.6 0.00094 1.70 0.1183 2.11 0.00311 2.71 19.0 0.3
048_Gt1_4 57 4230 40200 9.3 0.00102 1.67 0.1203 1.58 0.00329 2.73 20.6 0.3
048_Gt1_5 61 4210 42600 10.0 0.00101 1.38 0.1220 1.48 0.00328 2.28 20.5 0.3
048_Gt1_6 52 3389 37550 11.0 0.00097 1.34 0.1093 2.10 0.00315 2.30 19.6 0.3
048_Gt1_7 52 3473 38220 11.1 0.00096 1.14 0.1017 1.87 0.00311 2.19 19.4 0.2
048_Gt1_8 57 3870 39800 10.5 0.00101 1.29 0.1089 1.74 0.00323 2.46 20.4 0.3
048_Gt1_9 64 3613 47000 13.2 0.00098 1.33 0.1165 2.06 0.00316 2.36 19.7 0.3
048_Gt1_10 60 3145 47400 15.3 0.00090 1.45 0.1265 1.74 0.00298 2.58 18.1 0.3
048_Gt1_11 73 3517 52900 15.5 0.00099 1.51 0.1253 1.68 0.00334 2.41 20.1 0.3
048_Gt1_12 53 3520 37600 11.0 0.00100 1.59 0.1073 1.96 0.00321 2.56 20.3 0.3
048_Gt6_1 86 5210 64800 12.7 0.00097 1.45 0.1044 1.72 0.00318 2.60 19.5 0.3
048_Gt6_2 88 5880 67000 11.6 0.00096 1.56 0.1086 1.66 0.00319 2.44 19.4 0.3
048_Gt6_3 98 6390 72800 11.6 0.00096 1.36 0.0994 1.61 0.00316 2.36 19.3 0.3
048_Gt6_4 71 4470 53400 12.3 0.00096 1.25 0.1028 2.14 0.00321 2.37 19.3 0.2
048_Gt6_5 101 6780 77400 11.6 0.00094 1.17 0.0995 1.61 0.00313 2.25 19.1 0.2
048_Gt6_6 72 4640 54000 11.8 0.00096 1.35 0.1029 1.75 0.00316 2.33 19.5 0.3
048_Gt7_1 67 4342 52900 12.0 0.00092 1.53 0.1039 2.31 0.00310 2.45 18.5 0.3
048_Gt7_2 72 5110 55500 10.9 0.00093 1.08 0.1008 1.98 0.00311 2.16 18.7 0.2
048_Gt7_3 69 6300 55500 8.7 0.00090 1.22 0.0907 1.76 0.00302 1.96 18.1 0.2
048_Gt7_4 58 4760 55000 11.4 0.00076 1.20 0.0939 2.24 0.00251 2.24 15.4 0.2
048_Gt7_5 66 5110 49400 9.5 0.00097 1.24 0.0977 1.54 0.00315 2.24 19.5 0.2
048_Gt7_6 60 3850 55400 14.1 0.00078 1.41 0.1042 2.40 0.00264 2.48 15.7 0.2
048_Gt9_1 101 6810 70700 10.1 0.00103 1.16 0.1606 1.56 0.00352 2.28 20.9 0.2
048_Gt9_2 62 5690 46700 8.1 0.00097 1.45 0.0898 1.78 0.00315 2.40 19.5 0.3
048_Gt9_3 68 5850 51700 8.8 0.00094 1.38 0.0935 1.60 0.00318 2.39 19.0 0.3
048_Gt9_4 89 7140 66600 9.2 0.00095 1.16 0.0950 1.47 0.00313 2.25 19.2 0.2
048_Gt9_5 71 7340 52400 7.1 0.00096 1.46 0.0882 1.25 0.00313 2.41 19.3 0.3
048_Gt9_6 99 7630 72200 9.4 0.00098 1.54 0.0996 1.31 0.00319 2.57 19.7 0.3
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Table 4. Complete age data from LA-ICP-MS analyses continued
Specimen Pb U Th Th/U 208/232 2! 207/206 2! 206/238 2! 208/232 2!
(ppm) (ppm)  (ppm) (%)  (%) (%)  age (abs)
048_Gt9_7 62 5050 44900 8.9 0.00099 1.22 0.0957 1.99 0.00322 2.21 19.9 0.2
048_Gt9_8 71 6260 50800 8.1 0.00099 1.42 0.1062 1.60 0.00322 2.46 20.0 0.3
048_Gt9_9 78 6280 55000 8.7 0.00100 1.60 0.1173 1.11 0.00332 2.48 20.2 0.3
048_Gt9_10 103 7410 74700 9.9 0.00096 1.25 0.1019 1.57 0.00319 2.41 19.4 0.2
048_Gt9_11 100 6400 70900 11.0 0.00098 1.33 0.1089 1.29 0.00328 2.34 19.7 0.3
048_Gt9_12 93 6060 66700 10.8 0.00098 1.74 0.1113 1.62 0.00326 2.75 19.8 0.3
048_Gt9_13 64 5760 45700 7.8 0.00099 1.52 0.0898 2.12 0.00319 2.44 19.9 0.3
048_Gt9_14 64 6550 46900 7.1 0.00096 1.35 0.0885 1.69 0.00313 2.28 19.5 0.3
048_Gt9_15 70 5430 50000 9.2 0.00099 1.21 0.0959 1.56 0.00324 2.21 20.1 0.2
048_Gt9_16 74 5610 52400 9.5 0.00098 1.33 0.0994 1.51 0.00322 2.40 19.7 0.3
048_Gt9_17 72 5200 51700 10.1 0.00097 1.44 0.0996 1.51 0.00325 2.32 19.7 0.3
048_Gt9_18 78 5790 56800 9.9 0.00097 1.34 0.0984 1.42 0.00317 2.48 19.6 0.3
048_Gt9_19 56 5910 46700 8.0 0.00085 1.42 0.0865 1.73 0.00274 2.42 17.1 0.2
048_Gt9_20 58 4960 48300 10.0 0.00085 1.41 0.0951 1.79 0.00283 2.38 17.3 0.2
048_Gt9_21 55 5660 45500 8.2 0.00085 1.42 0.0862 1.97 0.00278 2.30 17.1 0.2
048_Gt9_22 59 6020 49300 8.3 0.00085 1.53 0.0841 1.66 0.00276 2.67 17.2 0.3
048_Gt9_23 54 5790 45900 8.0 0.00084 1.43 0.0857 1.75 0.00274 2.39 16.9 0.2
048_Gt9_24 55 5760 46400 8.2 0.00085 1.54 0.0853 1.64 0.00278 2.47 17.1 0.3
048_Gt9_25 55 5420 46500 8.6 0.00084 1.43 0.0864 1.85 0.00269 2.37 17.0 0.2
048_Gt9_26 55 5480 46000 8.5 0.00085 1.64 0.0859 1.75 0.00279 2.58 17.3 0.3
048_Gt9_27 53 5170 45100 8.8 0.00083 1.45 0.0862 2.20 0.00268 2.42 16.7 0.2
048_Gt9_28 89 6100 65300 10.7 0.00098 1.54 0.0977 1.64 0.00321 2.53 19.7 0.3
048_Gt9_29 97 6920 71200 10.3 0.00096 1.45 0.1002 1.50 0.00318 2.45 19.5 0.3
048_Gt9_30 99 7010 72600 10.3 0.00097 1.76 0.0983 1.22 0.00320 2.91 19.6 0.3
048_Gt9_31 66 5500 52900 9.5 0.00090 1.45 0.0917 1.74 0.00297 2.35 18.1 0.3
048_Gt9_32 82 6710 61100 9.1 0.00094 1.28 0.0935 1.39 0.00313 2.21 19.0 0.2
048_Gt9_33 71 6580 52800 8.0 0.00096 1.66 0.0892 1.68 0.00314 2.66 19.4 0.3
048_Gt9_34 87 6820 64300 9.4 0.00098 1.53 0.0937 1.49 0.00318 2.64 19.8 0.3
048_Gt9_35 74 5750 54100 9.3 0.00098 1.33 0.0950 1.79 0.00321 2.37 19.8 0.3
048_Gt9_36 77 5890 57400 9.7 0.00096 1.46 0.0957 1.78 0.00320 2.53 19.4 0.3
048_Gt9_37 71 5950 50800 8.5 0.00101 1.29 0.1039 1.54 0.00329 2.52 20.4 0.3
048_Gt9_38 74 6200 52900 8.4 0.00100 1.49 0.1073 1.30 0.00327 2.44 20.3 0.3
048_Gt9_39 74 6360 53700 8.4 0.00100 1.40 0.1103 1.54 0.00327 2.53 20.2 0.3
048_Gt9_40 78 6300 56100 8.9 0.00101 1.49 0.1184 1.35 0.00333 2.47 20.3 0.3
048_Gt9_41 80 6380 57200 8.9 0.00101 1.38 0.1188 1.35 0.00333 2.29 20.5 0.3
048_Gt9_42 99 8530 73200 8.6 0.00098 1.32 0.0988 1.21 0.00323 2.48 19.8 0.3
048_Gt9_43 97 6510 70700 10.8 0.00100 1.60 0.1028 1.65 0.00328 2.62 20.1 0.3
048_Gt9_44 85 5970 63200 10.5 0.00098 1.33 0.0998 1.80 0.00326 2.38 19.8 0.3
048_Gt9_45 73 5680 53800 9.4 0.00098 1.53 0.0958 1.57 0.00321 2.28 19.8 0.3
048_Gt9_46 72 5450 52600 9.6 0.00098 1.73 0.0954 1.78 0.00321 2.68 19.9 0.3
048_Gt9_47 102 6190 74000 11.9 0.00099 1.61 0.1105 1.54 0.00331 2.51 20.0 0.3
048_Gt9_48 109 6480 78200 12.0 0.00100 1.60 0.1105 1.45 0.00332 2.60 20.1 0.3
048_Gt9_49 90 6500 63400 9.7 0.00100 1.29 0.1183 1.35 0.00332 2.39 20.3 0.3
048_Gt12_1 88 5440 63600 11.5 0.00098 1.32 0.1050 1.62 0.00324 2.39 19.9 0.3
048_Gt12_2 104 6810 76600 11.0 0.00098 1.43 0.1049 1.62 0.00327 2.35 19.8 0.3
048_Gt12_3 61 5940 58600 9.7 0.00076 1.72 0.0889 2.36 0.00246 2.79 15.3 0.3
048_Gt12_4 71 4700 56600 11.8 0.00090 1.67 0.1015 2.27 0.00300 2.83 18.1 0.3
048_Gt12_5 70 4500 57500 12.5 0.00087 1.73 0.1018 1.77 0.00293 2.53 17.5 0.3
051_Gt1_1 56 3893 48600 12.3 0.00083 2.76 0.0723 4.98 0.00266 4.34 16.8 0.5
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Table 4. Complete age data from LA-ICP-MS analyses continued
Specimen Pb U Th Th/U 208/232 2! 207/206 2! 206/238 2! 208/232 2!
(ppm) (ppm)  (ppm) (%)  (%) (%)  age (abs)
051_Gt1_2 53 3310 47260 14.3 0.00080 1.75 0.0804 6.72 0.00256 3.27 16.2 0.3
051_Gt1_3 51 3840 48500 12.6 0.00075 1.74 0.0661 5.90 0.00235 2.74 15.1 0.3
051_Gt5_1 55 3584 50000 14.0 0.00079 1.40 0.0702 5.70 0.00255 3.08 15.9 0.2
051_Gt5_2 64 3360 52500 15.9 0.00087 1.95 0.0701 6.13 0.00292 3.05 17.7 0.3
051_Gt5_3 72 4840 52900 11.1 0.00097 1.55 0.0828 4.11 0.00317 2.95 19.5 0.3
051_Gt6_1 62 3470 46400 13.8 0.00095 1.89 0.0822 5.11 0.00303 3.21 19.2 0.4
051_Gt6_2 81 6360 58300 9.3 0.00097 2.06 0.0784 3.70 0.00314 3.14 19.6 0.4
051_Gt6_3 75 5312 55700 10.5 0.00096 1.66 0.0823 3.77 0.00310 2.84 19.5 0.3
051_Gt6_5 80 6910 56800 8.3 0.00101 1.49 0.0833 3.12 0.00324 2.54 20.3 0.3
051_Gt10_1 78 5860 57400 9.7 0.00096 1.57 0.0831 4.21 0.00315 2.68 19.3 0.3
051_Gt10_2 76 5830 56500 9.5 0.00095 1.80 0.0819 4.03 0.00315 3.13 19.1 0.3
051_Gt10_3 69 3530 59300 16.5 0.00084 1.66 0.0646 6.97 0.00277 3.17 17.0 0.3
051_Gt10_4 72 3133 60200 18.7 0.00085 1.41 0.0719 6.95 0.00287 2.95 17.2 0.2
051_Gt11_1 91 7140 62400 8.5 0.00105 1.72 0.0882 3.17 0.00345 2.74 21.2 0.4
051_Gt11_2 96 6750 65600 9.4 0.00104 1.83 0.0897 2.90 0.00345 2.94 21.0 0.4
051_Gt11_3 105 6750 69900 10.1 0.00108 1.57 0.0905 3.09 0.00360 2.83 21.8 0.3
051_Gt11_4 103 6900 69200 9.8 0.00108 1.76 0.0867 2.88 0.00353 2.81 21.8 0.4
051_Gt11_5 84 6210 59000 9.4 0.00103 1.66 0.0851 2.70 0.00337 2.66 20.7 0.3
051_Gt11_6 83 5810 60300 10.2 0.00099 1.93 0.0836 3.59 0.00326 3.18 19.9 0.4
051_Gt11_7 77 4200 57400 13.6 0.00097 1.44 0.0840 4.40 0.00328 2.92 19.7 0.3
051_Gt11_8 105 6080 70400 11.6 0.00105 1.80 0.0955 3.04 0.00350 2.89 21.3 0.4
051_Gt11_9 101 5990 67200 11.5 0.00106 1.69 0.0864 3.24 0.00345 2.83 21.5 0.4
051_Gt11_10 96 5550 63900 11.9 0.00109 1.93 0.0988 3.34 0.00361 3.02 22.0 0.4
051_Gt11_11 99 5810 67800 12.1 0.00107 1.69 0.0886 3.05 0.00351 2.76 21.6 0.4
051_Gt11_12 91 5850 61100 10.9 0.00107 1.96 0.0865 3.01 0.00350 3.12 21.7 0.4
051_Gt11_13 82 5540 57000 10.8 0.00103 1.36 0.0863 3.24 0.00338 2.72 20.8 0.3
051_Gt11_14 91 5750 61300 11.2 0.00106 2.17 0.0942 3.08 0.00349 3.12 21.4 0.5
051_Gt11_15 73 4880 54700 11.5 0.00095 2.01 0.0790 4.43 0.00312 2.96 19.1 0.4
051_Gt11_16 70 3098 57700 19.1 0.00086 1.97 0.0659 6.22 0.00282 3.20 17.5 0.3
051_Gt11_17 80 4420 59800 13.4 0.00096 2.92 0.0854 5.27 0.00317 3.84 19.4 0.6
052_Gt1_1 31 3027 23400 7.6 0.00097 1.75 0.0626 7.67 0.00303 3.21 19.7 0.3
052_Gt1_2 45 2528 32460 12.8 0.00098 2.15 0.0664 7.23 0.00303 3.04 19.7 0.4
052_Gt1_3 36 2618 25050 9.6 0.00100 1.81 0.0687 5.97 0.00302 3.05 20.1 0.4
052_Gt3_2 51 3369 42000 12.4 0.00088 1.60 0.0608 6.25 0.00284 2.90 17.7 0.3
052_Gt3_3 41 3606 31300 8.7 0.00090 1.78 0.0593 5.40 0.00291 3.02 18.2 0.3
052_Gt3_4 66 5360 49000 9.1 0.00096 1.56 0.0786 4.07 0.00307 2.73 19.4 0.3
052_Gt3_5 39 5010 29530 5.9 0.00094 1.80 0.0588 4.42 0.00292 2.71 19.0 0.3
052_Gt3_7 64 5460 47600 8.7 0.00097 1.65 0.0833 3.24 0.00312 2.79 19.6 0.3
052_Gt3_8 29 2220 24100 10.6 0.00088 2.17 0.0799 8.39 0.00258 3.37 17.7 0.4
052_Gt3_10 48 2460 41420 16.7 0.00083 1.58 0.0754 6.90 0.00271 3.14 16.7 0.3
052_Gt5_1 110 12280 58400 4.8 0.00135 1.78 0.1810 1.33 0.00406 2.75 27.2 0.5
052_Gt5_2 87 4650 63900 13.8 0.00096 1.46 0.0939 3.51 0.00312 2.73 19.3 0.3
052_Gt5_3 78 4810 58000 12.0 0.00096 1.67 0.0902 3.99 0.00311 2.57 19.4 0.3
052_Gt5_4 86 5180 60300 11.1 0.00101 2.08 0.1341 6.11 0.00339 3.27 20.4 0.4
052_Gt6_1 77 4000 59800 15.1 0.00091 1.86 0.0983 3.87 0.00310 2.94 18.4 0.3
052_Gt6_2 70 2150 53900 25.3 0.00092 1.84 0.0761 8.02 0.00305 3.17 18.7 0.3
052_Gt6_3 80 4440 59000 13.3 0.00096 1.45 0.1147 3.75 0.00324 2.76 19.5 0.3
052_Gt8_1 94 4410 59900 13.6 0.00112 1.52 0.1270 3.07 0.00374 2.58 22.5 0.3
052_Gt8_2 87 8290 55300 6.7 0.00111 1.62 0.1557 1.73 0.00359 2.78 22.5 0.4
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Table 4. Complete age data from LA-ICP-MS analyses continued
Specimen Pb U Th Th/U 208/232 2! 207/206 2! 206/238 2! 208/232 2!
(ppm) (ppm)  (ppm) (%)  (%) (%)  age (abs)
052_Gt12_2 69 6610 47100 7.1 0.00104 1.63 0.1052 2.66 0.00330 2.85 21.1 0.3
052_Gt12_3 58 4080 43300 10.6 0.00095 1.47 0.0719 5.01 0.00306 2.86 19.2 0.3
052_Gt14_1 84 9720 50000 5.1 0.00120 1.83 0.1655 1.57 0.00371 2.65 24.3 0.4
052_Gt17_1 116 13830 62900 4.5 0.00132 1.67 0.1787 1.29 0.00391 2.74 26.7 0.4
052_Gt17_2 87 3450 66500 19.2 0.00094 1.38 0.1053 4.46 0.00318 2.64 19.0 0.3
052_Gt17_3 116 6710 70200 10.4 0.00118 1.70 0.1535 1.82 0.00395 3.00 23.8 0.4
052_Gt18_1 108 10670 57200 5.4 0.00134 1.34 0.1878 1.44 0.00404 2.51 27.1 0.4
052_Gt18_2 111 10940 61100 5.6 0.00129 1.71 0.2040 1.32 0.00392 2.71 26.0 0.4
052_Gt18_3 80 1949 61000 31.3 0.00093 1.51 0.0876 5.94 0.00313 3.20 18.8 0.3
052_Gt18_4 82 1723 63100 36.6 0.00093 1.62 0.1001 7.29 0.00314 3.39 18.7 0.3
055_Gt1_1 99 9370 83900 9.0 0.00084 2.15 0.0559 3.58 0.00281 3.35 16.9 0.4
055_Gt1_2 104 2910 84200 29.1 0.00089 2.15 0.0826 5.45 0.00314 3.39 17.9 0.4
055_Gt1_4 111 3290 89300 27.1 0.00089 2.47 0.1016 5.22 0.00311 3.70 18.0 0.4
055_Gt1_5 113 2985 90200 30.0 0.00090 2.01 0.1088 5.06 0.00326 3.30 18.1 0.4
055_Gt1_6 104 3670 83600 22.8 0.00089 2.25 0.0878 5.24 0.00304 3.47 17.9 0.4
055_Gt1_7 103 3260 82200 25.5 0.00088 1.93 0.0880 6.25 0.00306 2.89 17.8 0.3
055_Gt1_8 100 3690 80400 22.0 0.00088 1.81 0.0936 5.24 0.00305 3.06 17.8 0.3
055_Gt1_9 108 6310 81000 12.9 0.00093 2.15 0.1080 2.96 0.00319 3.32 18.8 0.4
055_Gt1_10 108 3733 87100 23.6 0.00088 2.15 0.0927 4.42 0.00305 3.30 17.8 0.4
055_Gt1_11 109 3507 84800 24.7 0.00090 1.78 0.1080 4.44 0.00317 3.02 18.1 0.3
055_Gt1_12 99 2437 79700 33.4 0.00087 1.72 0.0958 6.16 0.00305 3.49 17.6 0.3
055_Gt1_13 110 7600 81400 10.9 0.00096 2.29 0.1050 3.14 0.00317 3.34 19.4 0.4
055_Gt1_14 132 2322 107000 46.3 0.00089 2.25 0.1298 5.01 0.00321 3.55 18.0 0.4
055_Gt18_1 110 3120 88100 28.5 0.00089 2.13 0.1044 5.17 0.00329 3.43 18.0 0.4
055_Gt18_2 127 2800 102600 36.8 0.00089 1.91 0.0977 5.32 0.00318 3.17 17.9 0.3
055_Gt18_3 118 3169 95900 30.2 0.00089 2.03 0.0830 5.42 0.00304 3.11 17.9 0.4
055_Gt18_4 120 2990 99850 33.2 0.00085 2.00 0.0957 5.54 0.00299 3.71 17.1 0.3
055_Gt8_1 83 5500 66900 12.1 0.00091 2.10 0.0803 4.23 0.00294 3.45 18.3 0.4
055_Gt8_2 82 5140 65300 12.7 0.00091 2.52 0.0773 4.92 0.00304 3.37 18.4 0.5
055_Gt8_3 78 5050 62100 12.4 0.00090 2.00 0.0789 4.82 0.00301 3.39 18.2 0.4
055_Gt8_4 52 3890 45900 11.8 0.00080 1.89 0.0929 5.06 0.00254 3.17 16.1 0.3
055_Gt9_1 97 3699 77600 20.9 0.00089 2.37 0.0913 5.81 0.00299 3.58 17.9 0.4
055_Gt9_2 93 4510 71900 16.3 0.00092 2.92 0.0947 4.33 0.00310 3.71 18.7 0.5
055_Gt9_3 92 2317 73100 31.7 0.00090 2.56 0.1045 5.84 0.00315 4.12 18.1 0.5
055_Gt9_4 117 5760 90800 16.2 0.00092 1.75 0.1181 3.64 0.00320 2.81 18.5 0.3
055_Gt9_5 96 2378 81400 33.6 0.00087 2.31 0.0928 6.47 0.00303 3.61 17.5 0.4
055_Gt9_6 95 4310 77600 16.6 0.00089 2.13 0.0693 5.92 0.00294 3.42 18.0 0.4
055_Gt9_7 98 2787 79100 27.7 0.00089 2.26 0.0984 5.59 0.00307 3.51 17.9 0.4
055_Gt9_8 89 2423 70500 28.5 0.00090 2.56 0.1005 5.57 0.00309 3.65 18.1 0.5
055_Gt9_9 95 5820 72200 12.1 0.00096 2.08 0.0993 3.22 0.00320 3.00 19.4 0.4
055_Gt9_10 97 2380 77600 31.8 0.00091 2.54 0.0970 6.49 0.00320 4.00 18.3 0.5
059_Gt6_1 47 2700 3.26E+04 12.0 0.00099 1.31 0.0837 3.11 0.00320 2.47 20.0 0.3
059_Gt9-1 36 2220 2.44E+04 11.1 0.00102 1.38 0.0762 4.07 0.00319 2.50 20.5 0.3
059_Gt9-2 32 3270 2.29E+04 7.1 0.00098 1.33 0.0605 3.64 0.00295 2.29 19.8 0.3
059_Gt19_1 51 2270 3.90E+04 17.0 0.00092 1.31 0.0716 4.61 0.00302 2.46 18.6 0.2
059_Gt19_2 47 2913 3.44E+04 11.0 0.00095 1.26 0.0744 3.49 0.00313 2.25 19.3 0.2
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Figure 3.6 - Concordia plots of monazite age data plotting the 208Pb/232Th and 206Pb/238U ratios in order 
to avoid complications from 206Pb/238U disequilibrium. Age distribution histogram plots using the 













































A - 046, Garnet Zone II
B - 048 , Kyanite Zone























































Figure 3.6 continued - Concordia plots of monazite age data plotting the 208Pb/232Th and 206Pb/238U 
ratios in order to avoid complications from 206Pb/238U disequilibrium. Age distribution histogram plots 































































































046 - Garnet Zone II
051 - Sillimanite Zone 052 - Sillimanite Zone
055 - Sillimanite Zone 059 - Sillimanite Zone




Figure 3.7 - Textural setting and location of spot analyses in representative monazite grains from each 
specimen analyzed for U-Th-Pb Geochronology. Yttrium maps of the monazite grains are embedded to 
show the relationship of older, Yttrium depleted cores to younger, Yttrium enriched overgrowth rims. 
The monazite grains observed in specimen 059 did not exhibit any Yttrium zonation and were 

































Figure 3.8 - Plots of trace element data taken concomitant with each monazite U-(Th)-Pb data point used 
for geochronology. 208Pb/232Th Ages are plotted against the total sum of heavy rare earth elements 
(HREE) and against Gd/Yb at an absolute scale. The second plots of  208Pb/232Th Ages vs. Gd/Yb have 
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Specimen 048, from the Kyanite Zone (Figure 3.1), yields ages of 20.9 ± 0.2 Ma (cores) 
to 15.3 ± 0.2 Ma (rims) from a total of 78 spot analyses within five individual monazite grains 
(Figure 3.6B). A representative monazite grain from this specimen yielded the widest age range 
of 19.9 ± 0.3 to 15.3 ± 0.3 Ma (Figure 3.6) is in the matrix with close proximity to biotite (Figure 
3.7B). Within this grain there are also three ages of 18.1 ± 0.3 and 17.5 ± 0.3 Ma that appear to 
have spots overlapping the distinctive Y domains and as such likely represent mixing of different 
age domains (Figure 3.7B). The total HREE concentrations and Gd/Yb ratios in this specimen do 
not show any discernable pattern (Figure 3.8B).  
Specimen 051, from the Sillimanite Zone (Figure 3.1), yields ages of 21.8 ± 0.3 Ma 
(cores) to 15.1 ± 0.3 Ma (rims) from a total of 31 spot analyses within five individual monazite 
grains (Figure 3.6C). A representative monazite grain from this specimen that displays 
distinctive Y zonation has spot ages of 19.5 ± 0.3, 17.7 ± 0.3 and 15.9 ± 0.2 Ma (Figure 3.7C). 
The middle age of 17.7 ± 0.3 Ma appears to be overlapping the two distinct Y domains and likely 
represents mixing of the other two metamorphic age domains (Figure 3.7C). This monazite grain 
is in the matrix with close proximity to biotite, sillimanite and quartz (Figure 3.7C). The younger 
ages from this specimen are consistent with greater Y concentrations, higher total HREE 
concentrations and generally lower Gd/Yb ratios (Figure 3.8C). 
Specimen 052, up-structural section from the Sillimanite Zone (Figure 3.1), yields ages 
of 27.4 ± 0.4 Ma (cores) to 16.7 ± 0.3 Ma (rims) from 29 spot analyses within nine individual 
grains (Figure 3.6D). A representative monazite grain from this specimen that displays 
distinctive Y zonation has spot ages of 27.1 ±0.4, 26.0 ± 0.4, 18.8 ± 0.3 and 18.7 ± 0.3 Ma that 
all occur within separate Y domains (Figure 3.7D). The monazite grain occurs as an inclusion 
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within a large biotite grain (Figure 3.7D). Younger ages are generally consistent with greater Y 
concentrations, higher total HREE concentrations and lower Gd/Yb ratios (Figure 3.8D).  
Specimen 055, up-structural section from the Sillimanite Zone (Figure 3.1), yields ages 
of 19.4 ± 0.4 Ma (cores) to 16.4 ±0.4 Ma (rims) from 31 spot analyses within four individual 
grains (Figure 3.6E). The Y zonation of monazites in this specimen is not as distinct as the other 
specimens. A representative grain contains ages from 19.4 ± 0.4 to 16.9 ± 0.4 Ma and a 
concentration of ages within error of each other at 17.9 ± 0.4 Ma (Figure 3.7E). This monazite 
grain occurs in the matrix surrounded by large biotite laths (Figure 3.7E). The oldest ages of 19.4 
± 0.4 and 18.8 ± 0.4Ma were derived from spots within lower relative Y, however these lower Y 
zones are irregular and small (Figure 3.7E). Younger ages are generally consistent with greater Y 
concentrations, higher total HREE concentrations and lower Gd/Yb ratios (Figure 3.8E).  
Specimen 059, from the structurally highest position reached in the Sillimanite Zone 
(Figure 3.1), contained only three monazites suitable for analyses and yielded ages ranging from 
18.6 ± 0.2 to 20.5 ± 0.3 Ma (Figure 3.6F). Monazite in this specimen are rare, relatively small 
size (<50 um) and found in the matrix (Figure 3.7F). No distinct Y domains were observed. The 
total HREE concentrations follow the same generally trend of the other specimens of increasing 
with younger ages. The Gd/Yb ratios, however, do not show a recognizable trend (Figure 3.8F). 
The range of ages found in this specimen is very limited therefore the trace element data may not 
particularly useful for interpreting monazite growth. 
 
3.6 Discussion 
Peak or near-peak metamorphic temperature estimates from geothermobarometry 
calculations show distinctive trends and allow for the subdivision of the GHS in lower (GHSL) 
and upper (GHSU) portions (e.g., Larson et al., 2010a; Yakymchuk and Godin, 2012). There is a 
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distinct trend in the GHSL of increasing temperature and pressure. A maximum pressure estimate 
is achieved just above the quartzite unit at specimen 039 and thereafter the trend changes up-
structural section to temperatures within error of each other and decreasing pressures. This 
inflection in pressure trends is noted elsewhere in the Himalaya to represent the base of the 
GHSU (Yakymchuk and Godin, 2012). This pressure trend inversion is consistent with different 
domains that have experienced unique tectonometamorphic histories and may represent a 
tectonometamorphic discontinuity that separates two distinct domains that have different 
structural, thermal and metamorphic histories. Similar tectonometamorphic discontinuities have 
been observed in recent studies throughout the length of the Himalaya and occur at very similar 
structural levels within the GHS (e.g., Groppo et al., 2009; Larson et al, 2010a; Carosi et al., 
2010; Martin et al., 2010; Rubatto et al., 2012; Yakymchuk and Godin, 2012). 
Although this general trend of upward-decreasing pressure estimates in the GHSU is 
consistent with decreasing material on top of structurally higher rocks the preserved field 
gradient in this region at 0.59 kbar/km (assuming a bulk crustal density of 2800 kg m-3) is 
approximately twice the expected gradient of 0.27 kbar/km (Figure 3.5). Similar field gradients 
have been noted elsewhere in the Himalaya including 1.2-1.6 kbar/km from east Nepal 
(Imayama et al., 2010), 0.54 kbar/km from the Langtang valley (Fraser et al., 2000), 0.62 
kbar/km from the Budhi Gandaki valley of central Nepal (Larson et al., 2010a), and 0.45 ± 0.11 
kbar/km from northwest Nepal (Yakymchuk and Godin, 2012). This steeper than expected 
pressure gradient may reflect tectonic thinning of the crust during deformation after 
metamorphism or the juxtaposition of post-peak metamorphic slices that reached peak 
metamorphic conditions at different times (Yakymchuk and Godin, 2012). Significant 
components of pure shear identified throughout Himalaya in the GHS (e.g., 35-62% pure shear 
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in Rongbuk valley from Jessup et al., 2006; 34-47% stretch parallel to flow in Kali Gandaki 
valley from Larson and Godin, 2009) are consistent with the type of strain necessary for tectonic 
thinning of the crust. Deformational temperature estimates from quartz recrystallization textures 
and <c> axis orientations are within error of metamorphic equilibrium temperatures in the lower 
positions of the GHSL (as discussed in section 2.3.2) interpreted to reflect deformation 
contemporaneous with peak metamorphism and southward extrusion of the GHS. In contrast, the 
metamorphic equilibrium temperatures from the upper positions of the GHSL and the entire 
GHSU are significantly higher that the estimated deformational temperatures for quartz indicating 
post-peak metamorphic deformation that is consistent with tectonic thinning of the crust.  
Combining the trace element data with the ages from different domains of Y 
concentration present in the monazite grains provides insight into the conditions of monazite 
crystallization. Trends in the HREE and Y content of monazite may be linked to the formation or 
breakdown of garnet (Yang and Pattison, 2006). During prograde growth, garnet preferentially 
acquires the bulk of the HREE and Y budget resulting in low concentrations of HREE and Y in 
monazite (Pyle et al., 2001; Foster et al., 2002; Buick et al., 2006; Rubatto et al., 2006). The 
monazite grains with low concentrations of HREE and therefore higher Gd/Yb ratios are 
interpreted to have crystallized during prograde metamorphism synchronous with garnet growth 
and are dated in multiple specimens from ca. 27 to 23 Ma. Subsequent Y-rich overgrowth rims 
around the initial prograde monazite grains record separate, distinct, crystallization events from 
ca. 22 to 15 Ma. These Y-poor overgrowth rims are moderate to highly enriched in HREEs. This 
enrichment of HREEs is likely sourced from the breakdown of garnet, and likely the monazite 
too, perhaps during partial melting (e.g., Spear, 1993). Therefore, partial melting of these rocks, 
and development of significant anatexite occurs sometime after ca. 23 Ma during which the 
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garnet, and likely the monazite too, resorb at least partially into the melt (e.g., Larson et al., 
2011). At ca. 22 Ma the high Y overgrowth rims form on monazite potentially sourced from a 
melt associated with garnet breakdown that is now rich in HREEs. Observation of garnet at the 
microscopic level shows embayed grain boundaries in multiple specimens that most likely 
resulted from resorption. Monazite ages with associated high HREE concentrations and low 
Gd/Yb ratios indicates melt crystallization, or at least monazite growth in the absence of garnet 
growth appears to have continued until the middle Miocene. A summary diagram showing the 
evolution of monazite growth for the Likhu Khola study area is presented in Figure 3.9. 
These timing constraints allow the interpretation of the data presented herein in the 
context of the currently proposed models for evolution of the Himalaya: critical taper wedge and 
mid-crustal channel flow. Limited data from the GHSL in the Likhu Khola region agrees with the 
criteria of critical taper wedge processes. This includes an increase in temperature and pressure 
up structural section and syn-kinematic metamorphism. While data from the upper portion of the 
study area (GHSU) agree with mid-crustal channel flow processes, which includes protracted 
crustal residence times at high temperatures and broadly post-peak metamorphism deformation.  
Recent work by Larson et al. (2010a, 2011, 2012) and Yakymchuk and Godin (2012) 
have suggested that there is a continuum between channel flow processes operating in the upper 
GHS and critical taper wedge processes in the lower GHS. Thermo-mechanical models have also 
implicitly predicted this transition between channel flow processes in the ductile regime of the 
hinterland and critical taper wedge processes in the shallower and brittle regime of the foreland 
(e.g., Jamieson et al., 2004). The data from the GHSL and GHSU in the Likhu Khola region fit 
with the foreland-hinterland transition documented by Larson et al. (2010a) in the Manaslu-
Himal Chuli region of west-central Nepal. The pervasively sheared foreland (GHSL) in the Likhu 
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Figure 3.9 - Summary diagram of monazite growth in the Likhu Khola study area incorporating 
geochronologic and trace element data. Initial monazite growth of Y poor cores synchronous with 
prograde garnet growth from ca. 28 to 23 Ma was followed by a resorption event from ca. 23 to 22 Ma. 
Subsequent overgrowth rims sourced from this enriched melt crystallized from ca. 22 to 18 Ma likely 
in the absence of garnet growth with continued resorption of garnet and likely monazite as well 
possible during this time. Crystallization of the youngest monazite overgrowth rim ages with the 
highest enrichments of HREE and Y lasted from ca. 18 to 15 Ma. A  leucogranite correlative to the 
adjacent valley to the west of the Likhu Khola study area constrains the cessation of pervasive defor-
mation and migmatite development to before ca. 16-13 Ma (Larson, 2012).
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Khola region is characterized by increased metamorphic temperatures and pressures up structural 
section going from 566 ± 25 °C at specimen 013 to 851 ± 61 °C at specimen 039 and from 10.8 ± 
1.2 kbar at specimen 032 to 11.8 ± 1.4 kbar at specimen 039. No suitable monazite grains were 
found within the GHSL to test for diachronous exhumation. Apatite was observed, however 
attempts to date the apatite with U-Th-Pb techniques were unsuccessful due to irreconcilably 
large errors due to anomalous common Pb content. However, the P-T data are within error of the 
deformational temperatures for the GHSL indicating that deformation was synchronous with 
metamorphism at this structural level. In addition, distinct delta-type syn-kinematic garnets 
observed in specimen 013 were the only ones observed throughout the entire study area with the 
other garnet observed appearing to be more pre-to late syn-kinematic. In contrast to the GHSL 
the pervasively sheared migmatitic hinterland (GHSU) shows metamorphic pressures at peak 
temperatures that decrease up-section from 11.8 ± 1.4 kbar at specimens 039 to 6.5 ± 1.3 and 7.0 
± 1.4 kbar at specimens 055 and 059 respectively. Timing constraints from U-Th-Pb monazite 
geochronology provide evidence for protracted metamorphism and/or anatexis from ca. 27 to 15 
Ma in the GHSU.  
The location of the proposed discontinuity between the GHSL and GHSU occurs just up 
structural section from specimen 039. A related structure was not readily apparent in the field but 
the discontinuity may be associated with the increase of anatexite volume recorded up-structural 
section from station 035. This association between a distinctive quartzite unit, an increase in 
anatexite content of total rock volume and a metamorphic discontinuity has been noted in the 
Kali Gandaki region (Larson et al., 2010a; personal observation) in addition to the tama kosi 
region adjacent to the west of the current study area (Larson, 2012).  
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These results from the GHSL and GHSU in the Likhu Khola region do not entirely agree 
with either the mid-crustal channel flow or critical taper wedge models. These results are 
consistent with the foreland/hinterland transition model conceptualized by Price (1972) and 
applied to the Budhi Gandaki and Tama Kosi regions by Larson et al. (2010a, 2011, 2012) and to 
the Karnali region by Yakymchuk and Godin (2012). This hybrid model demonstrates that a 
continuum of vertical thinning and horizontal elongation in the deep hinterland of orogens (mid-
crustal channel flow processes) to vertical thickening and horizontal shortening (critical taper 
wedge processes) in the shallower foreland takes place. This illustrates that viewing mid-crustal 
flow and critical taper wedge models as end-member processes is a false dichotomy (Beaumont 






CONCLUSIONS AND FUTURE RESEARCH 
 
The lithological, deformational and metamorphic characteristics of the GHS in the Likhu 
Khola map area, east-central Nepal, have been investigated in order to answer the two main 
questions posited in first chapter of this thesis: 1) What are the tectonometamorphic 
characteristics and geologic history of the Likhu Khola region? 2) Are the findings from the 
Likhu Khola compatible with any of the currently proposed models for the formation and 
evolution of the Himalayas?   
 
4.1 Lithologic, deformational and metamorphic framework 
Lithological observations and classification of metamorphic zones that increase in grade 
up-structural section have delineated the inverted metamorphic field gradient that is commonly 
found in the GHS throughout the Himalaya (e.g., Mallet, 1874; von Loczy, 1878; Oldham, 1883, 
Hodges, 2000; Searle et al., 2008). The pervasive deformation and high metamorphic grades 
found throughout the entire study area indicate that all the rocks in this region are part of the 
GHS and that the Main Central thrust should be placed to the south of the current study area at 
the base of the pervasive top-to the-south sense of shear. This differs from the most recent field 
mapping of this region (Schelling, 1992) where the Main Central thrust was placed near the 
southern extent of the study area structurally above the graphitic schist marker unit. Top-to-the-
south shear sense indicators observed throughout the region, especially in the southern portions, 
include delta-type garnet porphyroblasts, S and C’ fabrics and quartz (LPO) fabric analyses. This 
documented shear sense direction is consistent with shear sense observed within the GHS along 
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the length of the Himalaya (e.g., Heim and Gansser, 1939; Le Fort, 1975; Burchfiel and Royden, 
1985).  
 
4.2 Pressure and temperature (P-T) estimates 
P-T estimates from THERMOCALC v.3.26 yield a distinctive pattern enabling division 
of the GHS in the study area into GHSL and GHSU. From specimen 013 in the southernmost 
portion of the study area, temperatures and pressures increase up-structural section delineating 
the GHSL. From maximum pressures at specimen 039, decreasing pressures up-structural section 
and consistently high temperatures within error of one another outline the GHSU. A similar 
pattern has been documented elsewhere in the Himalaya by Larson et al. (2010a) in the Budhi 
Gandaki region and by Yakymchuk and Godin (2012) in the Karnali region.  
 
4.3 Geochronology and Trace element constraints 
Timing constraints from U-Th-Pb monazite geochronology provide evidence for 
protracted metamorphism in the GHSU from ca. 27 Ma to 15 Ma. The HREE concentrations and 
Gd/Yb ratios tied to monazite age data point to initial crystallization of monazite during prograde 
metamorphism, synchronous with garnet growth, from ca. 27 to 23 Ma. Partial melting of these 
rocks occurs sometime after ca. 23 Ma during which the garnet, and likely the monazite too, 
resorb at least partially into the melt (e.g., Larson et al., 2011). At ca. 22 Ma monazite 
overgrowth rims, and likely new grains, began to form from a melt partially sourced from garnet 
breakdown that was enriched in HREE; this growth continued until at least ca. 15 Ma. Melt 
crystallization appears to have continued until the middle Miocene, with cessation of south-
directed deformation and migmatite development in this region by ca. 16-13 Ma (Larson, 2012). 
This span of monazite ages likely represents the effects of a single prolonged metamorphic 
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event, possibly related to Eohimalayan metamorphism during southward extrusion of the GHS 
from mid-crustal depths. 
 
4.4 Which model fits? 
Since neither of the currently proposed end-member models of critical taper wedge or 
mid-crustal channel flow fit the complete data for the Likhu Khola region a proposed hybrid 
model with a continuum between these commonly though end-member modes must be 
considered. This hybrid model initially conceptualized by Price (1972) and applied to the Budhi 
Gandaki and Tama Kosi regions by Larson et al. (2010a, 2011, 2012) and to the Karnali region 
by Yakymchuk and Godin (2012) demonstrates a continuum of vertical thinning and horizontal 
elongation in the mid-crustal hinterland of orogens (mid-crustal channel flow processes) to 
vertical thickening and horizontal shortening (critical taper wedge processes) in the shallower 
foreland illustrating that viewing mid-crustal flow and critical taper wedge models as end-
member processes is a false dichotomy (Beaumont and Jamieson, 2010; Larson et al., 2010a, 
2011, 2012; Yakymchuk and Godin, 2012). 
In the GHSL of the Likhu Khola region P-T data documents an increase in temperature 
and pressure up-structural section from specimen 013 to 039. Syn-kinematic metamorphism was 
observed distinctly within specimen 013 as large delta-type garnet porphyroblasts to indicate 
syn-kinematic deformation. These characteristics are consistent with accreted slices of material 
being incorporated into the GHS from younger and lower grade rocks from structurally below 
the GHS during downward migration of the MCT shear zone during critical taper wedge 
processes. 
In the GHSU of the Likhu Khola region P-T data documents decreasing pressure up-
structural section from specimen 039 to 059 immediately after the increasing pressure up-
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structural section in the GHSL. Timing constraints from U-Th-Pb monazite geochronology 
provide evidence for protracted crustal residence times with metamorphism occurring from ca. 
27 Ma to ca. 15 Ma with cessation of south directed deformation in this region by 16-13 Ma 
(Larson, 2012). These characteristics are consistent with mid-crustal channel flow processes. 
The location of the proposed discontinuity between the GHSL and GHSU occurs just up 
structural section from specimen 039 to as far as specimen 046. The research conducted for this 
study within the GHS best fits the models of Larson et al. (2010a) and Yakymchuk and Godin 
(2012) that predict a combination of critical taper wedge and mid-crustal channel flow separated 
by a discontinuity.  
 
4.5 Future work 
This research within the GHS of the Likhu Khola region in east-central Nepal contributes 
to the expanding database of P-T and geochronology data from the exhumed mid-crustal core of 
the Himalaya. As this study represents the first analytical data from the Likhu Khola region it 
would be complemented by an expansion of the map area to the south where more constraints of 
P-T and geochronology could be used to further quantify the characteristics of the GHSL in this 
region. Geochronologic data from GHSL in this region would allow for the evaluation of 
potentially diachronous metamorphism and deformation of the GHSL rocks as predicted by 
critical taper wedge processes. Moreover, thermochronologic data, such as 40Ar/39Ar techniques 
would be useful for constraining the exhumation history of the area. Finally, phase equilibria 
modeling is also recommended for selected specimens throughout the study area in order to 
delineate pressure-temperature-time-deformation (P-T-t-D) paths. Reconstruction of P-T-t-D 
paths can provide a more detailed tectonometamorphic history and insight into the tectonic 
processes responsible for the P-T-t-D pathways of selected specimens.  
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APPENDIX A: Station and structural data
Station Structure Azimuth Dip/Plunge Latitude Longitude Elevation (m)
001 foliation 323 30 27.58580156 86.28414357 2322
002 foliation 288 16 27.58645635 86.28141032 2393




004 27.57038648 86.2824055 2755
005 foliation 120 17 27.55698809 86.28088217 2902
foliation 170 19
fault 115 83
006 foliation 212 7 27.55275741 86.28222529 2868
lineation 197 0
007 foliation 160 8 27.54491556 86.28484187 2794
008 foliation 242 16 27.54140144 86.28536875 2794
foliation 232 22
lineation 016 15
009 foliation 002 36 27.53428948 86.28862387 2717
lineation 201 34
010 foliation 205 40 27.53381339 86.2892681 2688
foliation 205 44
contact 300 44
011 27.53250397 86.2901316 2672
012 foliation 210 29 27.53072935 86.2912681 2667
lineation 231 7
013 foliation 300 28 27.52304591 86.29260946 2529
014 foliation 349 40 27.51658925 86.28976833 2405
015 27.51336129 86.29234744 2259
016 foliation 230 14 27.5142823 86.29206832 2268
foliation 208 35
foliation 104 70
017 foliation 341 15 27.51936022 86.29587044 2288
foliation 330 28





019 foliation 025 30 27.51234951 86.3145537 1921
lineation 004 7
020 foliation 134 15 27.5124485 86.31877818 1772
foliation 147 27
021 foliation 081 24 27.50855871 86.3239463 1395
022 foliation 229 11 27.5042018 86.32504868 1225
foliation 214 17
foliation 240 8
023 foliation 036 8 27.50548935 86.32891609 1279
024 foliation 356 18 27.50676013 86.33090403 1427
foliation 347 14
lineation 147 15
025 foliation 358 9 27.50837322 86.33315197 1437
026 foliation 120 15 27.51386697 86.3384065 1438
105
027 foliation 042 10 27.50649149 86.33841665 1438
028 foliation 046 18 27.51835808 86.35373332 1695
lineation 202 10
029 foliation 081 14 27.52025985 86.36571349 1438
foliation 070 17
030 foliation 350 22 27.52139652 86.36524863 1463
lineation 100 33
031 27.53914101 86.36897723 1869
032 foliation 015 2 27.5450298 86.38147373 1908
033 foliation 296 2 27.55029146 86.38343333 1816




035 foliation 27.56794123 86.39573595 1836
036 foliation 27.57468279 86.39621272 1793
lineation 205 10
037 foliation 225 15 27.59078351 86.41612301 1663
038 foliation 274 14 27.59677171 86.41826701 1677
foliation 242 26
lineation 348 21
039 foliation 305 14 27.59859963 86.41923487 1698
foliation 290 10
040 foliation 264 20 27.60216001 86.42452419 1693
041 foliation 292 16 27.63038792 86.41913454 2155
lineation 025 16
042 foliation 344 9 27.63124924 86.42089332 2264
foliation 340 30
foliation 337 9
043 27.63482848 86.43140255 2338




045 foliation 194 16 27.6490954 86.4489602 2244
046 foliation 266 14 27.6566915 86.452017 2221
047 foliation 284 14 27.66086829 86.4533597 2190
048 foliation 150 22 27.6666373 86.45442219 2198
049 foliation 245 14 27.67333805 86.45467138 2256
lineation 337 12
050 foliation 260 27 27.68310321 86.46349736 2660




052 foliation 271 24 27.73326346 86.51092091 3694
foliation 254 27
lineation 050 25
053 27.7406418 86.51820084 3801
054 foliation 330 38 27.74224441 86.51649479 3928
joint set 124 79




056 foliation 286 36 27.74844308 86.51207124 4331
057 foliation 324 35 27.75040068 86.51074522 4368
foliation 344 55
foliation 345 50
058 foliation 324 30 27.76190551 86.50246281 4584
foliation 337 46
lineation 015 36
2° lineation 081 41




060 foliation 277 40 27.76133202 86.45954319 3999
joint 141 85
061 foliation 295 26 27.74233578 86.45772859 3718
062 foliation 271 30 27.74171275 86.4563253 3740
lineation 011 26
063 foliation 275 36 27.73970478 86.44325154 4186
foliation 038 36
064 foliation 255 31 27.73877791 86.44266967 4244
foliation 245 64





066 foliation 221 39 27.7297931 86.42700146 4526
foliation 302 22
067 foliation 280 36 27.7302717 86.41745087 4522
lineation 030 42
068 foliation 335 34 27.71853562 86.40581251 3908
069 foliation 027 83 27.71833587 86.40208047 3905
lineation 036 10
070 foliation 020 23 27.71637828 86.39235201 3933
lineation 009 8
071 foliation 315 20 27.7075513 86.37606489 3809
foliation 338 22
lineation 000 10




073 foliation 348 22 27.69334883 86.34978913 2328
074 foliation 340 18 27.68985232 86.34890241 2304
005 00
075 27.63428274 86.31038245 1889
076 foliation 308 22 27.62764586 86.30673531 1858
077 foliation 044 30 27.60958672 86.29835324 1813
078 foliation 352 14 27.60532963 86.29313014 1787
lineation 112 21
079 foliation 038 40 27.60246386 86.28860341 1784
foliation 198 28
107
080 foliation 023 13 27.60019756 86.28072417 1779
081 foliation 347 38 27.59869175 86.27654663 1773
foliation 330 30
082 foliation 343 49 27.59510195 86.26705924 1749
foliation 333 49
lineation 025 14
2° lineation 178 25
083 foliation 323 29 27.59629235 86.2610806 1724
foliation 300 35
lineation 350 37








086 27.61201009 86.28215664 1935
087 foliation 175 15 27.61416567 86.26030234 2418
lineation 325 12
088 foliation 069 14 27.62606403 86.24023841 2112
foliation 085 19
089 foliation 191 9 27.63490668 86.23236939 1960
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APPENDIX B: Complete Microprobe analyses for biotite 
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
013 area 1  bt26.17 0.13 23.31 24.24 0.01 12.38 0.09 0.05 0.85 87.24
013 area 1  bt25.30 0.11 23.36 24.88 0.00 13.50 0.05 0.00 0.43 87.63
013 area 1  bt25.92 0.11 23.98 25.56 0.00 12.07 0.14 0.05 0.59 88.43
013 area 1  bt27.63 0.19 24.14 22.73 0.01 11.25 0.11 0.03 1.02 87.13
013 area 1  bt26.04 7.33 22.59 23.10 0.00 8.91 0.24 0.04 0.51 88.76
013 area 1  bt24.65 0.05 23.41 25.60 0.01 13.35 0.06 0.02 0.24 87.41
013 area 1  bt25.97 0.09 23.88 25.00 0.00 12.75 0.06 0.02 0.44 88.21
013 area 1  bt25.82 0.09 23.85 24.89 0.00 13.23 0.08 0.04 0.45 88.44
013 area 3  bt23.57 0.04 23.28 25.83 0.00 12.83 0.00 0.00 0.04 85.59
013 area 3  bt24.93 0.48 21.06 25.13 0.01 10.43 0.15 0.04 2.00 84.24
013 area 3  bt33.90 0.97 19.25 18.59 0.00 9.26 0.13 0.26 8.39 90.77
013 area 3  bt31.79 1.37 19.50 19.04 0.00 8.14 0.24 0.19 7.87 88.15
013 area 3  bt33.92 0.59 19.52 18.34 0.00 9.79 0.11 0.17 8.57 91.03
013 area 3  bt33.99 0.86 19.43 18.86 0.00 9.56 0.10 0.18 8.72 91.71
013 area 4 bt 34.36 1.35 18.09 17.24 0.01 9.52 0.35 0.15 7.34 88.41
013 area 4 bt 34.18 1.28 18.94 17.44 0.01 9.84 0.33 0.17 7.04 89.23
013 area 4 bt 34.44 1.42 18.18 18.02 0.00 9.24 0.25 0.14 7.84 89.53
013 area 4 bt 23.46 0.07 23.71 24.22 0.00 14.19 0.02 0.00 0.08 85.76
013 area 4 bt 34.27 1.23 18.32 17.64 0.01 9.71 0.23 0.15 7.38 88.93
013 area 4 bt 24.41 0.23 23.51 24.26 0.00 13.51 0.03 0.01 0.85 86.81
013 area 4 bt 34.90 1.27 18.47 17.01 0.01 9.60 0.25 0.13 7.51 89.14
013 area 4 bt 34.21 1.25 18.52 17.56 0.02 9.33 0.54 0.18 6.81 88.42
013 area 4 bt 35.16 1.29 18.80 17.66 0.00 10.05 0.33 0.15 6.73 90.18
013 area 4 bt 35.09 1.24 18.72 17.66 0.01 9.86 0.29 0.14 6.80 89.81
013 area 4 bt 35.35 1.27 18.40 17.44 0.00 9.95 0.28 0.14 7.40 90.25
013 area 4 bt 34.36 1.27 18.37 17.36 0.00 9.65 0.35 0.15 6.52 88.03
013 area 4 bt 34.34 1.26 18.62 17.46 0.02 9.65 0.39 0.15 7.07 88.96
013 area 4 bt 34.64 1.24 18.78 17.66 0.02 9.75 0.38 0.15 6.88 89.50
013 area 4 bt 33.86 1.23 18.62 17.24 0.00 9.27 0.30 0.17 7.38 88.07
013 area 4 bt 44.62 0.25 36.86 1.12 0.00 0.79 0.02 0.91 8.14 92.71
013 area 4 bt 35.02 1.26 18.35 18.12 0.03 10.36 0.10 0.16 8.75 92.16
013 area 4 bt 34.93 1.27 18.42 17.73 0.00 9.83 0.33 0.11 6.76 89.39
013 area 4 bt 32.79 1.26 17.19 18.11 0.02 9.12 0.27 0.14 7.56 86.45
013 area 4 bt 33.77 1.22 18.57 17.90 0.01 9.55 0.46 0.16 6.66 88.30
013 area 4 bt 34.42 1.23 17.86 17.91 0.02 10.00 0.13 0.18 8.85 90.59
013 area 4 bt 34.63 1.27 18.32 18.10 0.00 10.75 0.05 0.16 9.16 92.44
013 area 7  bt mottled30.92 0.72 20.54 21.15 0.00 12.26 0.20 0.16 4.52 90.46
013 area 7  bt mottled27.22 0.30 21.89 22.62 0.01 13.93 0.09 0.05 1.54 87.65
013 area 7  bt mottled24.29 0.09 23.43 24.00 0.00 13.91 0.09 0.02 0.16 85.98
013 area 7  bt mottled24.26 0.07 23.38 23.86 0.00 14.82 0.00 0.00 0.06 86.45
013 area 7  bt mottled23.95 0.06 23.45 23.66 0.01 14.47 0.01 0.00 0.02 85.64
013 area 7  bt mottled23.99 0.16 22.77 23.18 0.00 13.85 0.05 0.02 0.50 84.51
013 area 7  bt mottled24.60 0.18 22.52 23.65 0.02 14.03 0.06 0.02 0.64 85.71
013 area 7  bt mottled35.84 1.47 19.31 16.85 0.00 10.08 0.14 0.17 8.71 92.58
013 area 7  bt mottled36.80 1.35 19.25 15.88 0.00 10.34 0.16 0.15 8.38 92.29
013 area 7  bt34.30 1.43 19.12 16.07 0.00 9.41 0.19 0.14 8.67 89.32
013 area 7  bt35.22 1.35 19.17 17.75 0.02 10.67 0.12 0.19 8.35 92.83
013 area 7  bt33.39 1.29 19.25 18.86 0.01 8.22 0.22 0.19 7.96 89.40
013 area 7  bt34.69 1.41 18.88 17.03 0.00 10.07 0.13 0.20 8.90 91.30
013 area 7  bt31.72 1.44 18.36 22.86 0.01 9.03 0.17 0.16 7.96 91.71
013 area 7  bt35.98 1.54 18.71 16.13 0.02 10.30 0.15 0.15 8.89 91.87
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Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
013 area 7  bt34.90 1.48 19.18 17.76 0.03 10.05 0.16 0.20 8.89 92.64
013 area 7  bt35.76 1.46 18.49 17.88 0.01 10.44 0.11 0.17 8.76 93.08
013 area 8  bt46.03 0.22 37.33 2.34 0.00 0.68 0.12 0.68 7.14 94.53
013 area 8  bt45.10 0.25 36.70 2.02 0.02 0.60 0.08 0.81 8.91 94.48
013 area 8  bt26.30 0.08 24.40 23.97 0.01 10.13 0.11 0.01 0.30 85.31
013 area 8  bt33.62 1.06 19.06 20.60 0.01 8.51 0.13 0.17 8.04 91.21
013 area 8  bt23.58 0.04 23.54 24.17 0.01 14.11 0.00 0.00 0.02 85.47
013 area 8  bt24.74 0.04 22.86 25.01 0.01 13.84 0.01 0.00 0.00 86.50
013 area 8  bt25.40 0.05 22.64 26.62 0.01 13.04 0.03 0.01 0.28 88.09
013 area 8  bt23.63 0.05 23.00 27.45 0.01 12.56 0.01 0.00 0.01 86.73
013 area 8  bt25.80 0.11 22.90 25.76 0.01 12.26 0.06 0.02 0.67 87.59
013 area 8  bt25.46 0.04 22.47 26.46 0.01 13.25 0.07 0.04 0.18 87.99
032 area 1 bio37.02 1.69 18.96 15.79 0.07 12.44 0.02 0.28 8.18 94.45
032 area 1 bio37.19 1.69 19.75 16.13 0.07 12.42 0.03 0.34 8.44 96.05
032 area 1 bio37.38 1.66 19.18 15.67 0.05 12.67 0.00 0.31 8.77 95.71
032 area 2 bio37.57 1.38 19.51 16.37 0.05 12.32 0.00 0.31 8.52 96.03
032 area 2 bio37.34 1.43 19.63 16.62 0.07 12.30 0.00 0.34 8.67 96.38
032 area 2 bio37.34 1.47 19.80 16.55 0.05 12.51 0.00 0.34 8.50 96.56
032 area 2 bio37.28 1.53 19.60 16.30 0.05 12.55 0.00 0.32 8.62 96.26
032 area 2 bio36.88 1.42 19.54 16.99 0.05 12.45 0.01 0.34 8.60 96.27
032 area 4 bio36.04 1.43 20.36 15.90 0.06 12.66 0.03 0.35 8.69 95.53
032 area 4 bio37.76 1.45 19.51 15.78 0.07 12.89 0.06 0.34 8.56 96.43
032 area 4 bio36.93 1.55 19.88 15.86 0.06 12.67 0.00 0.30 8.81 96.07
032 area 4 bio36.64 1.48 19.78 15.81 0.05 12.55 0.00 0.31 8.75 95.37
032 area 4 bio36.88 1.49 19.73 16.29 0.06 12.77 0.00 0.29 8.77 96.28
032 area 4 bio46.91 0.69 36.37 1.51 0.00 1.05 0.00 1.09 9.01 96.63
032 area 4 bio46.68 0.64 36.64 1.35 0.00 0.94 0.01 1.13 9.09 96.49
032 area 4 bio46.45 0.41 37.86 1.25 0.01 0.66 0.01 1.19 8.80 96.64
032 area 6 bio37.51 1.50 19.44 16.04 0.07 12.66 0.04 0.27 8.64 96.18
032 area 6 bio36.63 1.52 18.71 16.10 0.06 12.07 0.05 0.26 8.72 94.12
032 area 6 bio35.85 1.40 17.74 15.76 0.07 10.98 0.24 0.32 7.90 90.25
032 area 6 bio37.27 1.41 19.89 16.65 0.03 12.62 0.02 0.32 8.66 96.88
032 area 6 bio37.59 1.37 20.51 16.26 0.06 12.42 0.07 0.36 8.33 96.96
032 area 7 bio47.08 0.94 34.98 1.41 0.00 1.38 0.00 0.97 9.22 95.98
032 area 7 bio47.79 0.99 34.72 1.34 0.02 1.45 0.00 0.95 9.19 96.44
032 area 7 bio47.48 1.00 34.95 1.30 0.00 1.47 0.00 0.94 9.25 96.40
032 area 7 bio47.14 0.95 35.30 1.28 0.00 1.31 0.00 0.98 9.15 96.10
032 area 7 bio46.54 0.89 35.75 1.34 0.00 1.23 0.01 1.04 9.32 96.13
032 area 7 bio46.92 0.84 36.02 1.32 0.00 1.12 0.00 1.06 9.17 96.45
032 area 7 bio46.93 0.82 35.50 1.26 0.01 1.23 0.01 1.04 9.11 95.90
032 area 7 bio46.65 0.74 35.34 1.39 0.00 1.18 0.00 1.02 9.35 95.68
035 area 1 bt 48.37 0.64 34.16 3.10 0.01 1.00 0.01 0.75 8.33 96.38
035 area 1 bt 37.30 1.80 18.20 18.22 0.12 10.12 0.12 0.25 7.66 93.78
035 area 1 bt 35.50 1.88 17.11 18.53 0.14 10.15 0.12 0.22 8.33 91.99
035 area 1 bt 43.88 0.87 29.42 8.90 0.05 3.96 0.02 0.57 8.71 96.37
035 area 1 bt 48.51 0.64 34.19 3.39 0.00 1.10 0.00 0.73 8.36 96.93
035 area 1 bt 48.69 0.61 34.33 3.16 0.01 1.01 0.00 0.72 8.42 96.96
035 area 1 bt 36.36 1.89 18.82 17.89 0.12 10.44 0.14 0.38 8.97 95.01
035 area 1 bt 36.46 1.99 18.28 18.53 0.10 10.72 0.00 0.28 9.30 95.66
035 area 1 bt 37.53 1.62 19.90 18.69 0.18 9.38 0.04 0.31 8.86 96.51
035 area 1 bt 38.88 1.88 17.26 18.91 0.18 11.19 0.09 0.20 9.33 97.92
035 area 1 bt 38.54 1.29 20.90 16.76 0.41 8.31 0.43 0.40 6.70 93.73
110
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
035 area 4 bt 35.31 1.34 18.66 18.98 0.28 10.31 0.40 0.34 8.38 94.00
035 area 4 bt 37.91 0.01 13.61 29.93 2.91 3.42 3.96 0.02 0.08 91.83
035 area 4 bt 8.05 1.03 20.24 21.38 0.73 1.08 0.88 0.33 5.36 59.08
035 area 4 bt 36.69 0.01 22.01 30.88 2.74 3.02 4.54 0.02 0.03 99.94
035 area 4 bt 17.35 0.08 17.93 24.89 7.25 1.20 3.34 0.16 0.55 72.76
035 area 4 bt 45.29 0.65 33.32 3.64 0.02 1.21 0.09 0.64 8.42 93.27
035 area 4 bt 34.88 1.72 18.81 19.33 0.13 11.06 0.08 0.29 8.14 94.44
035 area 4 bt 36.15 1.75 18.44 19.25 0.15 10.77 0.04 0.27 9.07 95.89
035 area 4 bt 36.08 1.76 18.46 19.35 0.13 10.89 0.01 0.24 8.87 95.78
035 area 4 bt 35.96 1.77 18.72 18.93 0.15 10.64 0.03 0.24 8.93 95.36
035 area 4 bt 35.91 1.81 18.21 19.73 0.14 10.79 0.01 0.24 8.94 95.78
035 area 5 bt 47.79 0.56 35.48 3.39 0.00 0.98 0.03 0.81 8.15 97.18
035 area 5 bt 37.16 1.22 18.40 18.84 0.13 11.00 0.02 0.25 9.11 96.12
035 area 5 bt 35.30 1.07 19.40 17.19 0.11 10.65 0.05 0.31 8.87 92.96
035 area 5 bt 36.72 1.23 18.82 18.93 0.11 10.90 0.01 0.22 9.26 96.20
035 area 5 bt 47.10 0.58 32.04 4.47 0.03 2.04 0.00 0.57 8.59 95.42
035 area 5 bt 48.02 0.68 33.92 3.32 0.00 1.00 0.00 0.69 8.43 96.07
035 area 5 bt 35.75 1.24 19.42 18.54 0.11 10.38 0.12 0.26 8.27 94.10
035 area 5 bt 36.86 1.29 18.45 18.72 0.11 10.64 0.06 0.22 8.84 95.19
035 area 5 bt 36.08 0.88 18.57 19.06 0.13 11.39 0.16 0.24 7.55 94.07
035 area 5 bt 35.96 0.49 18.99 18.48 0.12 9.82 0.16 0.22 7.87 92.11
035 area 5 bt 36.68 0.40 20.37 19.03 0.11 10.32 0.18 0.21 7.94 95.24
035 area 6 bt 37.26 1.68 17.75 18.29 0.14 10.56 0.21 0.27 8.65 94.82
035 area 6 bt 33.82 1.61 17.41 17.64 0.13 8.88 0.27 0.32 8.34 88.41
035 area 6 bt 36.77 1.69 18.05 18.18 0.14 10.53 0.23 0.30 8.57 94.47
035 area 6 bt 46.62 0.71 29.33 5.19 0.03 2.79 0.09 0.51 8.33 93.60
035 area 6 bt 37.82 1.52 15.69 17.69 0.14 10.48 0.22 0.21 8.56 92.34
035 area 6 bt 38.83 1.57 15.51 18.96 0.21 10.67 0.24 0.22 8.77 94.96
035 area 6 bt 34.12 1.81 17.54 19.27 0.18 8.90 0.12 0.28 8.77 90.98
035 area 6 bt 38.83 1.81 17.68 18.83 0.14 11.24 0.10 0.28 9.10 98.02
035 area 6 bt 36.39 1.78 17.88 18.71 0.14 10.37 0.06 0.24 9.04 94.61
035 area 6 bt 36.80 1.73 17.42 19.09 0.16 10.30 0.13 0.24 9.07 94.93
035 area 6 bt 37.68 2.24 18.34 18.09 0.16 10.52 0.09 0.27 9.21 96.60
039 area 1  bt33.10 3.13 18.64 24.25 0.36 5.20 0.17 0.08 7.95 92.87
039 area 1  bt33.56 3.18 18.20 24.71 0.35 5.36 0.10 0.06 8.75 94.27
039 area 1  bt33.78 2.73 18.52 24.98 0.34 5.66 0.03 0.06 9.42 95.51
039 area 1  bt34.06 2.92 18.37 25.18 0.31 5.56 0.03 0.05 9.53 96.01
039 area 1  bt34.14 3.00 18.18 24.90 0.34 5.54 0.05 0.06 9.27 95.48
039 area 1  bt34.43 3.18 17.97 25.04 0.30 5.66 0.03 0.07 9.36 96.04
039 area 2  bt35.23 2.55 18.02 24.42 0.30 6.34 0.00 0.04 9.41 96.33
039 area 2  bt35.02 2.62 17.70 24.24 0.27 6.38 0.03 0.05 9.17 95.48
039 area 2  bt34.98 2.66 18.09 24.51 0.31 6.27 0.01 0.05 9.35 96.22
039 area 2  bt35.01 2.92 17.72 24.47 0.30 6.13 0.02 0.04 9.22 95.83
039 area 2  bt34.64 2.90 17.87 24.91 0.30 6.16 0.00 0.06 9.27 96.10
039 area 2  bt34.78 3.00 17.80 24.90 0.29 5.96 0.00 0.05 9.35 96.13
039 area 2  bt34.95 3.11 17.86 24.47 0.29 6.15 0.00 0.07 9.46 96.36
039 area 3  bt34.99 2.94 17.18 24.71 0.31 6.13 0.01 0.05 9.39 95.70
039 area 3  bt33.79 2.88 17.68 24.08 0.27 5.65 0.02 0.07 9.31 93.74
039 area 3  bt34.05 2.92 18.65 23.81 0.30 5.77 0.00 0.06 9.46 95.01
039 area 3  bt34.99 2.73 18.72 23.50 0.32 5.90 0.01 0.08 9.30 95.55
039 area 3  bt35.42 2.61 18.59 23.70 0.31 5.97 0.01 0.07 9.39 96.07
039 area 3  bt35.05 2.57 18.18 23.39 0.31 5.99 0.02 0.06 9.49 95.06
111
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
039 area 3  bt35.05 2.54 17.89 23.49 0.30 6.06 0.04 0.06 9.48 94.90
039 area 3  bt33.72 3.10 18.35 24.16 0.30 5.56 0.00 0.06 9.40 94.65
039 area 3  bt34.25 3.79 17.49 24.88 0.29 5.56 0.00 0.05 9.49 95.80
039 area 3  bt33.70 3.53 17.80 24.90 0.31 5.51 0.00 0.06 9.48 95.28
039 area 4  bt33.75 3.31 17.66 24.01 0.28 5.76 0.03 0.10 9.34 94.26
039 area 4  bt33.91 2.87 17.98 24.40 0.30 5.77 0.00 0.07 9.40 94.71
039 area 4  bt32.99 2.79 17.81 24.46 0.30 5.88 0.01 0.07 9.36 93.66
039 area 4  bt33.08 3.44 17.52 24.37 0.28 5.76 0.01 0.08 9.30 93.84
039 area 4  bt32.71 3.44 17.85 25.02 0.30 5.58 0.00 0.06 9.50 94.45
039 area 4  bt34.64 3.28 18.11 24.31 0.31 5.76 0.00 0.08 9.45 95.93
039 area 4  bt34.94 3.33 17.82 23.99 0.28 5.69 0.01 0.05 9.33 95.43
039 area 4  bt34.97 3.33 18.03 24.46 0.26 5.77 0.00 0.07 9.29 96.17
039 area 4  bt35.09 3.27 17.97 24.23 0.25 5.70 0.01 0.07 9.39 95.96
039 area 4  bt35.13 3.17 17.96 24.26 0.29 5.84 0.02 0.06 9.41 96.15
039 area 4  bt33.76 3.23 18.95 23.32 0.30 5.32 0.01 0.08 9.39 94.34
039 area 4  bt33.39 3.21 18.42 23.35 0.28 5.54 0.15 0.06 9.37 93.77
039 area 4  bt33.52 3.22 18.67 23.24 0.24 5.61 0.00 0.09 9.43 94.01
039 area 4  bt33.48 3.24 18.40 23.41 0.26 5.75 0.00 0.09 9.44 94.05
039 area 4  bt33.91 2.94 18.55 23.24 0.30 5.59 0.01 0.08 9.46 94.08
039 area 4  bt34.80 3.49 18.39 23.60 0.28 5.64 0.01 0.10 9.35 95.64
039 area 4  bt34.80 3.63 18.10 23.51 0.26 5.52 0.00 0.09 9.40 95.32
039 area 4  bt33.76 3.61 18.13 23.69 0.26 5.49 0.00 0.07 9.43 94.44
039 area 4  bt33.84 3.60 18.03 23.78 0.24 5.35 0.00 0.08 9.47 94.38
039 area 4  bt33.55 3.20 18.02 24.43 0.29 5.48 0.00 0.04 9.59 94.60
039 area 5  bt33.92 3.27 17.81 24.06 0.28 5.88 0.02 0.05 9.18 94.47
039 area 5  bt35.09 3.77 19.32 23.67 0.28 5.50 0.00 0.07 9.46 97.16
039 area 5  bt34.04 3.47 17.75 24.92 0.30 5.76 0.00 0.06 9.45 95.75
039 area 5  bt33.95 3.49 17.98 24.66 0.28 5.85 0.00 0.05 9.49 95.74
039 area 5  bt34.10 3.70 17.90 24.41 0.29 5.89 0.00 0.08 9.43 95.79
039 area 5  bt34.47 3.45 18.25 24.16 0.29 5.92 0.00 0.07 9.53 96.14
039 area 5  bt34.57 3.41 18.13 24.43 0.27 5.97 0.00 0.08 9.42 96.27
039 area 5  bt34.48 3.40 18.09 23.91 0.26 5.70 0.00 0.07 9.46 95.37
039 area 5  bt34.06 3.46 17.96 24.76 0.30 5.77 0.01 0.06 9.24 95.60
039 area 5  bt33.96 3.50 18.20 24.35 0.29 5.75 0.00 0.06 9.46 95.57
039 area 5  bt34.21 3.52 18.06 24.41 0.28 5.87 0.00 0.06 9.57 95.98
039 area 5  bt33.90 3.46 17.85 24.42 0.27 5.86 0.00 0.06 9.55 95.37
039 area 5  bt34.14 3.55 17.87 24.09 0.27 5.98 0.00 0.06 9.57 95.53
039 area 5  bt34.33 3.60 17.53 24.29 0.31 5.85 0.00 0.06 9.46 95.45
039 area 6  bt35.32 3.66 17.52 23.83 0.26 6.25 0.00 0.06 9.41 96.31
039 area 6  bt35.37 3.69 17.51 23.86 0.27 6.39 0.00 0.06 9.34 96.49
039 area 6  bt35.56 3.71 17.46 23.88 0.27 6.31 0.00 0.06 9.34 96.58
039 area 6  bt35.42 3.68 17.47 23.75 0.26 6.20 0.00 0.05 9.35 96.17
039 area 6  bt35.28 3.89 17.15 23.88 0.26 6.17 0.00 0.06 9.39 96.08
039 area 6  bt33.66 0.18 23.10 8.68 0.33 0.30 16.69 0.04 0.02 82.99
039 area 6  bt34.93 0.21 23.83 8.44 0.07 0.17 18.46 0.00 0.02 86.14
039 area 6  bt34.58 0.18 0.04 0.82 0.15 0.07 0.07 0.06 0.06 36.03
039 area 7  bt34.42 3.46 17.98 23.26 0.33 6.10 0.01 0.08 9.43 95.06
039 area 7  bt34.43 3.41 17.98 23.45 0.34 6.23 0.00 0.07 9.44 95.37
039 area 7  bt34.70 3.06 19.11 22.60 0.30 5.72 0.01 0.04 8.93 94.45
039 area 7  bt33.97 3.06 17.70 22.80 0.32 6.58 0.01 0.07 9.32 93.81
039 area 7  bt34.47 3.18 17.72 23.15 0.32 6.51 0.02 0.05 9.40 94.80
039 area 7  bt34.11 3.28 17.76 23.36 0.34 6.27 0.00 0.07 9.44 94.63
112
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
039 area 7  bt34.06 3.26 17.80 23.14 0.35 6.34 0.00 0.07 9.48 94.50
039 area 7  bt33.63 3.26 18.12 23.63 0.31 6.30 0.00 0.07 9.39 94.71
039 area 7  bt34.33 2.98 17.95 23.05 0.33 6.50 0.01 0.07 9.42 94.65
039 area 7  bt33.36 2.44 18.84 21.27 0.27 5.85 0.02 0.08 8.49 90.61
039 area 7  bt34.24 2.90 18.19 23.37 0.27 6.47 0.00 0.09 9.27 94.80
039 area 7  bt29.52 35.66 2.23 0.32 0.10 0.02 27.97 0.01 0.00 95.84
039 area 7  bt29.56 36.57 1.88 0.28 0.07 0.00 28.64 0.02 0.00 97.04
039 area 8  btchl30.71 0.45 22.90 26.70 0.56 5.51 0.16 0.05 3.03 90.08
039 area 8  btchl47.55 2.30 31.18 3.79 0.05 1.39 0.02 0.10 9.32 95.71
039 area 8  btchl28.66 8.61 18.08 24.52 0.42 5.09 0.18 0.05 3.67 89.27
039 area 8  btchl23.91 0.14 21.68 33.22 0.90 7.34 0.03 0.00 0.18 87.39
039 area 8  btchl34.26 1.07 19.42 23.52 0.34 5.76 0.16 0.09 5.62 90.24
039 area 8  btchl35.56 4.58 22.60 16.76 0.26 3.29 0.18 0.04 2.14 85.41
039 area 8  btchl23.37 0.09 21.44 34.09 0.92 7.72 0.03 0.00 0.06 87.72
039 area 8  btchl24.69 0.16 21.30 32.52 0.81 7.02 0.06 0.01 0.43 87.00
039 area 8  btchl23.18 0.08 22.18 33.92 0.93 7.48 0.03 0.01 0.01 87.82
039 area 8  btchl34.46 2.17 19.09 23.37 0.36 5.52 0.06 0.08 8.08 93.18
039 area 8  btchl25.22 0.22 21.57 33.23 0.90 6.75 0.09 0.01 0.46 88.45
039 area 8  btchl34.86 3.13 17.99 23.87 0.36 5.99 0.00 0.06 9.41 95.66
044 area 1  bt33.31 3.99 17.17 25.22 0.24 4.92 0.05 0.07 9.33 94.31
044 area 1  bt31.79 3.42 18.48 24.95 0.18 4.46 0.10 0.09 8.94 92.40
044 area 1  bt30.04 1.64 19.70 29.98 0.12 4.53 0.27 0.10 3.66 90.04
044 area 1  bt46.69 0.94 36.01 2.35 0.00 0.79 0.02 0.32 9.45 96.56
044 area 1  bt46.33 0.96 35.49 2.42 0.02 0.78 0.04 0.27 9.35 95.66
044 area 1  bt32.63 3.22 17.79 25.24 0.20 4.68 0.17 0.10 8.75 92.78
044 area 2  bt33.52 3.27 19.03 25.18 0.18 4.99 0.08 0.09 8.91 95.24
044 area 2  bt33.56 2.49 18.66 25.59 0.17 4.73 0.19 0.07 7.32 92.79
044 area 2  bt34.14 3.04 18.12 25.52 0.20 5.09 0.14 0.08 8.80 95.12
044 area 2  bt36.08 3.17 18.33 25.27 0.19 5.69 0.10 0.07 9.11 98.01
044 area 2  bt33.60 3.23 18.79 26.08 0.20 5.02 0.09 0.08 8.87 95.97
044 area 2  bt46.24 0.90 34.34 2.52 0.01 0.75 0.09 0.31 9.59 94.75
044 area 3  bt34.89 2.63 18.89 26.05 0.25 4.90 0.16 0.09 8.55 96.42
044 area 3  bt31.37 3.11 19.16 26.42 0.27 4.38 0.13 0.08 7.64 92.57
044 area 3  bt32.03 3.15 17.39 25.74 0.23 4.19 0.11 0.07 8.92 91.84
044 area 3  bt33.85 3.15 17.16 25.60 0.22 4.60 0.13 0.09 8.98 93.78
044 area 3  bt34.17 3.10 18.28 25.62 0.24 4.84 0.07 0.09 9.07 95.47
044 area 3  bt34.01 3.12 18.53 25.76 0.23 4.78 0.05 0.08 9.22 95.78
044 area 3  bt34.68 2.98 18.71 25.89 0.24 4.96 0.07 0.09 9.05 96.67
044 area 3  bt34.91 2.79 19.26 25.44 0.37 4.79 0.24 0.13 8.49 96.42
044 area 3  bt35.59 2.80 18.18 25.84 0.27 4.90 0.15 0.10 8.84 96.68
044 area 3  bt34.26 2.85 18.59 25.22 0.27 4.83 0.18 0.11 8.20 94.51
044 area 3  bt33.17 3.06 18.79 25.76 0.23 4.49 0.14 0.10 8.71 94.45
044 area 5  bt34.43 4.09 16.82 25.47 0.23 4.84 0.13 0.06 9.06 95.13
044 area 5  bt33.41 3.85 17.47 25.39 0.17 4.76 0.14 0.07 8.92 94.18
044 area 5  bt34.55 3.88 18.58 25.39 0.17 4.87 0.11 0.09 9.00 96.64
044 area 5  bt33.74 4.08 17.22 25.56 0.18 4.69 0.05 0.06 9.30 94.89
044 area 5  bt25.52 0.17 19.60 36.79 1.06 5.72 0.17 0.03 0.33 89.40
044 area 5  bt31.58 1.20 18.01 27.09 0.52 3.62 0.14 0.05 8.04 90.24
044 area 5  bt25.92 0.54 20.75 33.52 0.66 5.44 0.09 0.04 2.20 89.15
044 area 5  bt27.62 0.76 18.99 32.96 0.41 4.69 0.18 0.11 3.45 89.18
044 area 6  bt33.01 3.88 17.53 25.42 0.21 4.56 0.13 0.07 8.93 93.75
044 area 6  bt33.86 3.95 18.04 25.33 0.18 4.73 0.10 0.07 8.96 95.24
113
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
044 area 6  bt32.51 3.93 17.17 25.03 0.18 4.17 0.16 0.08 8.77 92.01
044 area 6  bt33.74 3.89 17.99 24.99 0.16 4.58 0.12 0.09 8.95 94.50
044 area 6  bt32.45 3.74 18.00 24.87 0.18 4.27 0.14 0.10 8.68 92.43
044 area 8  bt33.78 2.49 19.41 24.89 0.31 4.66 0.15 0.11 8.76 94.56
044 area 8  bt33.28 2.72 18.83 24.55 0.22 4.63 0.19 0.11 8.61 93.15
044 area 8  bt33.46 2.77 18.04 24.64 0.23 4.72 0.17 0.10 8.75 92.88
044 area 8  bt34.78 2.74 17.82 25.16 0.25 5.10 0.14 0.10 8.83 94.92
044 area 8  bt33.99 2.00 17.87 25.24 0.25 5.18 0.12 0.07 8.68 93.41
044 area 8  bt34.71 2.95 18.20 24.97 0.26 4.99 0.06 0.07 9.19 95.39
044 area 8  bt32.84 2.74 19.07 26.12 0.38 4.38 0.13 0.08 8.72 94.47
044 area 8  bt45.73 0.66 36.38 2.42 0.01 0.73 0.03 0.26 9.46 95.69
044 area 8  bt33.45 1.76 19.37 25.29 0.42 4.96 0.19 0.10 8.04 93.58
044 area 8  bt32.88 2.19 17.70 25.63 0.36 4.78 0.16 0.07 8.86 92.62
044 area 8  bt32.83 2.23 18.39 25.54 0.33 4.77 0.17 0.08 8.39 92.72
046 area 2 bio35.56 2.24 19.26 19.86 0.03 9.55 0.00 0.25 8.89 95.65
046 area 2 bio35.11 2.19 19.77 20.25 0.05 9.29 0.04 0.26 8.72 95.69
046 area 2 bio35.41 2.22 19.48 19.77 0.01 9.87 0.00 0.26 8.69 95.70
046 area 2 bio35.46 2.25 19.47 19.80 0.03 9.51 0.00 0.26 8.87 95.65
046 area 2 bio35.41 2.25 19.56 20.18 0.02 9.62 0.01 0.28 8.71 96.04
046 area 2 bio35.70 2.22 19.43 19.87 0.02 9.74 0.00 0.24 8.78 96.01
046 area 2 bio35.20 2.14 19.57 20.44 0.03 9.21 0.01 0.22 8.75 95.58
046 area 2 bio35.57 0.07 20.51 21.76 0.03 9.24 0.06 0.19 8.40 95.83
046 area 2 bio34.25 1.38 20.19 23.85 0.07 7.31 0.00 0.16 9.08 96.30
046 area 2 bio34.76 1.43 19.77 23.54 0.06 7.41 0.00 0.18 8.97 96.12
046 area 2 bio34.71 1.70 19.71 23.48 0.06 7.21 0.00 0.14 9.04 96.05
046 area 2 bio34.09 1.42 20.20 23.40 0.09 7.17 0.00 0.13 9.01 95.52
046 area 2 bio23.73 0.76 14.98 41.02 0.04 4.88 0.06 0.20 5.45 91.12
046 area 2 bio33.71 2.11 19.55 24.71 0.09 7.10 0.01 0.12 8.69 96.10
046 area 2 bio34.43 2.47 18.90 24.21 0.09 6.93 0.00 0.14 8.90 96.08
046 area 2 bio34.71 2.39 18.77 24.12 0.11 7.07 0.01 0.13 8.96 96.28
046 area 2 bio34.47 2.28 19.06 24.01 0.05 7.36 0.00 0.16 8.94 96.33
046 area 3 bio33.67 1.62 19.62 21.91 0.03 7.02 0.18 0.27 8.20 92.51
046 area 3 bio33.92 2.42 19.11 23.35 0.05 7.09 0.03 0.21 8.80 94.98
046 area 3 bio33.62 2.25 19.01 23.56 0.06 7.22 0.01 0.22 8.80 94.75
046 area 3 bio34.00 2.21 19.30 23.06 0.05 7.32 0.00 0.21 8.87 95.01
046 area 3 bio35.01 2.08 19.28 23.34 0.04 7.48 0.02 0.23 8.70 96.17
046 area 3 bio34.09 2.35 19.12 23.54 0.04 7.17 0.01 0.22 8.83 95.36
046 area 3 bio34.26 2.71 19.26 23.65 0.05 7.17 0.02 0.21 8.82 96.15
046 area 4 bio34.81 2.95 18.97 24.46 0.04 6.65 0.02 0.18 8.82 96.89
046 area 4 bio35.04 2.86 18.87 24.65 0.06 6.83 0.01 0.17 8.80 97.28
046 area 4 bio35.02 2.96 18.77 24.22 0.06 6.94 0.02 0.21 8.82 97.01
046 area 4 bio34.47 2.92 18.49 23.91 0.06 6.80 0.06 0.24 8.69 95.63
046 area 4 bio34.94 2.97 18.84 24.10 0.05 6.84 0.01 0.22 8.82 96.79
046 area 4 bio34.74 2.80 18.84 23.77 0.04 6.84 0.01 0.19 8.80 96.03
046 area 4 bio34.71 2.42 19.34 23.51 0.04 7.03 0.01 0.19 8.95 96.19
046 area 4 bio34.64 2.69 18.77 23.44 0.03 6.97 0.03 0.24 8.78 95.60
046 area 4 bio34.48 2.65 18.79 23.69 0.05 6.97 0.03 0.23 8.84 95.73
046 area 4 bio34.85 2.60 19.21 23.93 0.05 6.96 0.01 0.19 8.91 96.71
046 area 5 bio35.56 2.22 19.64 19.90 0.04 9.60 0.05 0.30 8.66 95.97
046 area 5 bio36.25 2.21 19.98 19.85 0.03 9.77 0.08 0.33 8.50 96.99
046 area 5 bio35.01 2.16 20.18 20.11 0.03 9.36 0.08 0.35 8.29 95.59
046 area 5 bio35.60 2.20 18.95 20.58 0.03 9.49 0.07 0.29 8.52 95.73
114
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
046 area 5 bio22.84 0.31 22.17 36.93 0.39 4.95 0.17 0.07 0.07 87.89
046 area 5 bio20.73 0.31 21.92 38.79 0.36 3.37 0.13 0.06 0.05 85.72
046 area 5 bio22.97 0.00 24.06 39.67 0.80 3.10 0.07 0.06 0.05 90.78
046 area 5 bio22.42 0.00 23.57 39.52 0.81 3.03 0.08 0.04 0.05 89.51
046 area 5 bio233.80 1.95 19.72 24.42 0.08 6.58 0.04 0.19 8.74 95.51
046 area 5 bio234.15 1.84 19.69 23.94 0.07 6.73 0.04 0.21 8.74 95.42
046 area 5 bio233.78 1.84 20.15 25.07 0.07 6.47 0.03 0.15 8.44 96.00
046 area 5 bio234.13 1.76 19.62 24.57 0.09 6.57 0.01 0.13 8.78 95.65
046 area 5 bio234.36 1.80 19.60 24.75 0.06 6.67 0.03 0.13 8.88 96.29
046 area 5 bio233.93 1.69 20.00 24.16 0.09 6.55 0.03 0.11 8.17 94.71
046 area 5 bio234.41 1.45 19.95 24.28 0.06 6.72 0.01 0.16 8.67 95.72
048 area 2 bt 33.10 2.95 19.04 19.09 0.01 8.23 0.03 0.24 9.52 92.21
048 area 2 bt 33.90 3.07 19.26 19.46 0.01 8.27 0.02 0.26 9.47 93.72
048 area 2 bt 32.82 3.07 19.56 19.11 0.02 7.95 0.04 0.29 9.35 92.21
048 area 2 bt 32.42 2.96 19.14 18.69 0.01 7.95 0.05 0.31 9.27 90.80
048 area 2 bt 33.06 2.95 18.62 18.99 0.01 8.38 0.03 0.25 9.50 91.78
048 area 2 bt 32.97 2.92 18.57 19.38 0.01 8.27 0.00 0.23 9.57 91.91
048 area 2 bt 33.17 2.85 18.79 19.38 0.03 8.47 0.00 0.21 9.34 92.25
048 area 2 bt 34.21 2.75 18.62 19.39 0.00 9.05 0.03 0.22 9.37 93.64
048 area 2 bt 31.70 2.67 18.52 18.66 0.01 7.92 0.04 0.24 9.22 88.99
048 area 2 bt 32.14 2.96 18.47 19.01 0.00 8.32 0.02 0.29 9.37 90.58
048 area 2 bt 32.48 2.58 19.35 18.64 0.02 8.58 0.00 0.26 9.45 91.36
048 area 2 bt 33.21 2.57 19.53 18.60 0.01 8.67 0.00 0.28 9.48 92.34
048 area 2 bt 32.01 2.64 18.82 19.05 0.01 8.38 0.00 0.25 9.51 90.67
048 area 2 bt 29.41 2.54 20.32 17.87 0.01 7.10 0.10 0.48 8.69 86.53
048 area 2 bt 33.98 2.55 18.75 20.59 0.02 8.76 0.02 0.20 9.36 94.24
048 area 2 bt 32.60 2.71 17.57 22.20 0.01 7.77 0.02 0.20 9.03 92.11
048 area 2 bt 33.38 2.71 18.25 20.43 0.03 8.15 0.04 0.24 9.03 92.25
048 area 2 bt 32.97 2.82 19.03 19.84 0.01 8.31 0.01 0.33 9.20 92.52
048 area 2 bt 33.55 2.48 18.93 19.45 0.03 8.64 0.00 0.25 9.39 92.73
048 area 2 bt 33.92 2.73 18.58 20.37 0.00 8.38 0.00 0.24 9.32 93.54
048 area 3 bt 30.43 2.90 16.82 17.97 0.02 7.13 0.11 0.26 8.90 84.54
048 area 3 bt 32.16 2.88 15.89 18.61 0.02 7.79 0.07 0.20 8.75 86.37
048 area 3 bt 29.58 2.31 13.06 17.97 0.01 6.53 0.09 0.06 8.88 78.48
048 area 3 bt 34.01 3.09 17.88 18.39 0.01 8.12 0.09 0.25 8.96 90.78
048 area 3 bt 32.66 2.87 19.39 18.42 0.00 7.68 0.09 0.31 8.68 90.10
048 area 3 bt 36.52 2.82 16.67 17.76 0.02 9.34 0.12 0.21 8.93 92.38
048 area 3 bt 31.90 3.01 17.53 18.29 0.00 7.78 0.05 0.25 8.61 87.41
048 area 3 bt 32.01 3.00 18.36 17.96 0.00 8.02 0.03 0.30 8.63 88.32
048 area 3 bt 34.03 2.89 19.20 18.13 0.01 8.99 0.03 0.31 8.88 92.47
048 area 3 bt 34.05 1.94 20.16 18.44 0.00 9.16 0.01 0.26 8.68 92.72
048 area 3 bt 34.10 2.84 18.64 19.57 0.03 8.65 0.03 0.21 9.09 93.16
048 area 3 bt 44.52 1.27 34.24 1.49 0.01 0.77 0.04 0.62 8.68 91.63
048 area 3 bt 44.41 1.10 34.20 1.54 0.01 0.67 0.04 0.58 8.57 91.10
048 area 3 bt 43.01 1.17 35.04 1.51 0.00 0.73 0.08 0.67 8.40 90.61
048 area 3 bt 46.18 1.07 34.84 1.41 0.00 0.66 0.05 0.61 8.44 93.27
048 area 3 bt 46.35 1.18 35.28 1.50 0.01 0.83 0.04 0.62 8.29 94.10
048 area 3 bt 46.55 1.19 35.38 1.48 0.01 0.86 0.03 0.64 8.25 94.39
048 area 4 bt 33.34 3.13 18.95 19.85 0.04 7.78 0.00 0.18 9.01 92.26
048 area 4 bt 34.27 3.07 18.35 19.51 0.02 8.69 0.01 0.13 8.54 92.59
048 area 4 bt 33.92 3.17 19.35 18.94 0.02 8.42 0.00 0.23 8.85 92.91
048 area 4 bt 34.08 3.22 19.56 18.64 0.01 8.55 0.00 0.26 8.74 93.05
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048 area 4 bt 35.27 3.23 19.26 18.79 0.01 8.88 0.00 0.25 8.85 94.55
048 area 4 bt 34.48 3.25 19.28 19.13 0.02 8.75 0.00 0.20 8.72 93.83
048 area 4 bt 34.76 3.19 19.15 18.63 0.01 8.42 0.01 0.24 8.84 93.24
048 area 4 bt 33.53 3.13 19.34 19.55 0.01 8.04 0.01 0.19 8.71 92.50
048 area 4 bt 34.61 3.21 19.21 19.60 0.02 8.35 0.00 0.20 8.80 94.01
048 area 4 bt 34.18 3.19 18.93 19.58 0.01 8.14 0.00 0.17 8.80 93.00
048 area 4 bt 20.45 0.06 22.20 31.63 0.06 6.20 0.14 0.10 0.25 81.08
048 area 4 bt 34.74 1.21 22.22 22.54 0.04 5.73 0.09 0.19 9.12 95.87
048 area 4 bt 46.24 0.72 35.77 1.16 0.00 0.52 0.03 0.55 8.69 93.68
048 area 4 bt 45.52 1.08 35.88 1.29 0.00 0.64 0.03 0.63 8.44 93.52
048 area 4 bt 46.41 1.13 34.77 1.31 0.00 0.70 0.09 0.55 8.22 93.18
048 area 4 bt 46.35 1.13 34.81 1.42 0.00 0.89 0.03 0.58 8.15 93.37
048 area 4 bt 44.84 1.07 34.81 1.39 0.00 0.89 0.10 0.71 8.50 92.31
048 area 6 bt 31.06 0.99 19.92 21.92 0.02 7.01 0.10 0.19 8.88 90.08
048 area 6 bt 31.77 0.56 20.15 23.14 0.02 8.33 0.14 0.14 7.41 91.67
048 area 6 bt 29.80 0.52 19.19 25.45 0.03 8.88 0.08 0.05 6.22 90.23
048 area 6 bt 33.48 2.73 16.87 21.91 0.03 7.86 0.06 0.11 9.01 92.06
048 area 6 bt 32.93 2.30 18.95 22.30 0.01 7.47 0.08 0.19 8.73 92.96
048 area 6 bt 32.49 2.18 18.47 22.95 0.01 7.96 0.05 0.11 8.65 92.89
048 area 6 bt 32.36 2.41 18.38 22.55 0.03 8.03 0.03 0.12 9.11 93.02
048 area 6 bt 32.93 2.51 18.12 21.41 0.04 7.65 0.05 0.13 9.39 92.23
048 area 9 bt 32.85 1.74 17.75 20.17 0.03 6.84 0.08 0.17 8.97 88.60
048 area 9 bt 34.01 1.81 17.92 20.64 0.02 7.87 0.14 0.17 9.05 91.63
048 area 9 bt 32.82 1.77 18.65 20.55 0.03 7.03 0.11 0.18 8.73 89.87
048 area 9 bt 34.81 2.11 18.02 20.58 0.02 8.06 0.09 0.18 9.13 93.00
048 area 9 bt 33.07 2.24 16.54 21.65 0.02 7.51 0.07 0.09 8.79 89.99
048 area 9 bt 33.62 1.77 19.22 20.00 0.02 7.80 0.12 0.22 8.87 91.63
048 area 9 bt 34.02 1.77 19.96 20.27 0.01 7.91 0.09 0.21 9.26 93.50
048 area 9 bt 33.67 2.43 18.22 21.28 0.03 8.38 0.03 0.15 9.55 93.75
048 area 9 bt 33.18 2.50 18.64 21.27 0.02 8.27 0.05 0.18 9.30 93.40
048 area 9 bt 33.05 2.58 17.94 20.53 0.01 8.23 0.03 0.22 9.28 91.87
048 area 9 bt 33.14 2.57 18.82 20.06 0.04 7.96 0.07 0.29 9.11 92.07
048 area 9 bt 33.82 2.60 17.52 20.18 0.01 8.63 0.22 0.29 8.95 92.21
048 area 9 bt 32.82 2.63 18.01 20.48 0.02 8.18 0.06 0.26 9.13 91.58
048 area 9 bt 31.32 2.61 17.91 20.35 0.03 7.65 0.05 0.31 9.04 89.28
048 area 9 bt 32.22 2.52 18.24 20.50 0.03 8.08 0.00 0.25 9.28 91.12
048 area 9 bt 31.26 2.55 18.34 20.35 0.02 7.57 0.05 0.22 7.84 88.20
048 area 9 bt 30.37 2.50 18.61 21.25 0.02 7.13 0.05 0.22 7.79 87.94
051 area 1  bt34.11 2.95 20.15 19.56 0.15 7.46 0.05 0.15 9.37 93.93
051 area 1  bt33.35 2.98 19.67 19.37 0.15 6.93 0.14 0.22 9.00 91.83
051 area 1  bt34.77 3.00 19.90 19.77 0.18 7.79 0.06 0.16 9.41 95.03
051 area 1  bt33.50 3.07 19.73 20.47 0.15 7.22 0.04 0.13 9.37 93.69
051 area 1  bt31.52 3.11 19.30 20.31 0.16 6.60 0.07 0.16 9.02 90.24
051 area 1  bt34.20 3.24 19.86 20.09 0.18 7.33 0.01 0.11 9.57 94.59
051 area 1  bt32.89 3.19 19.95 19.90 0.16 7.01 0.05 0.15 9.34 92.65
051 area 1  bt29.26 1.02 20.84 26.43 0.20 8.55 0.08 0.14 3.70 90.22
051 area 1  bt32.64 3.75 18.52 20.22 0.20 6.64 0.07 0.13 9.32 91.49
051 area 1  bt34.61 3.46 20.02 20.44 0.15 7.29 0.02 0.11 9.61 95.71
051 area 1  bt34.77 3.27 20.39 19.23 0.14 6.89 0.11 0.13 8.74 93.67
051 area 1  bt34.13 2.50 20.98 19.77 0.14 7.08 0.07 0.15 9.00 93.84
051 area 1  bt33.23 2.67 17.86 20.14 0.15 7.39 0.07 0.11 9.27 90.90
051 area 1  bt33.94 2.48 20.38 20.37 0.16 7.73 0.04 0.13 9.06 94.29
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051 area 2  bt35.36 0.93 20.57 20.20 0.11 9.19 0.00 0.07 9.11 95.55
051 area 2  bt35.14 0.98 20.66 19.40 0.13 9.22 0.01 0.10 9.08 94.74
051 area 2  bt29.93 0.67 20.91 23.53 0.18 7.06 0.03 0.09 7.01 89.41
051 area 2  bt34.55 0.87 20.25 20.18 0.14 8.58 0.02 0.08 8.86 93.53
051 area 2  bt35.75 1.03 21.12 18.64 0.14 7.98 0.02 0.08 8.63 93.39
051 area 2  bt34.34 1.07 20.60 20.01 0.10 8.64 0.02 0.08 9.20 94.06
051 area 2  bt34.46 1.37 20.06 20.39 0.09 8.45 0.00 0.07 9.30 94.19
051 area 3  bt33.86 3.40 19.51 20.71 0.15 7.47 0.06 0.13 9.53 94.83
051 area 3  bt33.92 3.44 19.59 20.69 0.14 7.36 0.04 0.14 9.60 94.93
051 area 3  bt33.84 3.41 19.76 20.46 0.15 7.19 0.05 0.13 9.52 94.50
051 area 3  bt33.47 3.41 19.75 20.39 0.18 7.28 0.02 0.11 9.64 94.25
051 area 3  bt32.80 3.28 20.34 20.46 0.16 6.95 0.07 0.18 9.16 93.40
051 area 3  bt33.45 3.22 20.31 20.40 0.16 7.19 0.03 0.14 9.58 94.48
051 area 3  bt33.57 3.13 20.10 20.13 0.13 7.01 0.15 0.20 9.09 93.51
051 area 3  bt34.12 3.09 20.05 19.32 0.15 6.96 0.08 0.21 9.05 93.02
051 area 3  bt33.29 3.09 21.01 19.47 0.14 6.85 0.06 0.16 9.16 93.21
051 area 3  bt32.19 2.97 19.15 19.42 0.13 6.81 0.04 0.13 9.29 90.13
051 area 3  bt33.71 3.13 19.45 20.41 0.16 7.25 0.10 0.13 9.37 93.70
051 area 3  bt33.80 3.15 19.33 20.71 0.16 7.36 0.04 0.11 9.55 94.21
051 area 4  bt34.47 3.54 20.06 19.74 0.15 7.47 0.02 0.10 9.59 95.13
051 area 4  bt32.75 3.34 18.48 20.70 0.15 7.08 0.02 0.10 9.18 91.80
051 area 4  bt33.90 3.36 19.31 20.63 0.14 7.64 0.00 0.11 9.50 94.60
051 area 4  bt33.77 3.41 19.47 20.80 0.15 7.35 0.00 0.11 9.44 94.50
051 area 4  bt33.76 3.36 19.77 20.47 0.14 7.43 0.00 0.11 9.54 94.56
051 area 4  bt33.78 3.43 19.51 20.32 0.15 7.30 0.00 0.09 9.41 93.98
051 area 4  bt34.09 3.51 19.71 20.23 0.16 7.37 0.02 0.11 9.37 94.57
051 area 4  bt33.79 3.29 20.13 20.74 0.17 7.35 0.03 0.15 9.55 95.20
051 area 4  bt33.55 3.36 19.07 20.75 0.18 7.29 0.04 0.13 9.60 93.97
051 area 4  bt33.86 3.43 19.11 20.78 0.17 7.39 0.00 0.12 9.52 94.37
051 area 4  bt34.21 3.46 19.57 20.82 0.17 7.45 0.00 0.10 9.70 95.49
051 area 4  bt33.75 3.61 19.48 20.13 0.14 7.43 0.00 0.11 9.74 94.39
052 area 1 bt 33.02 3.74 18.23 22.24 0.14 6.06 0.00 0.12 9.87 93.42
052 area 1 bt 33.82 3.80 19.08 21.58 0.13 6.06 0.00 0.12 10.04 94.62
052 area 1 bt 32.97 3.77 18.14 22.65 0.11 6.21 0.00 0.12 9.96 93.92
052 area 1 bt 32.67 3.65 18.17 23.06 0.13 5.99 0.01 0.11 9.42 93.21
052 area 1 bt 33.05 3.76 18.09 22.37 0.15 5.98 0.03 0.15 9.79 93.38
052 area 1 bt 33.08 3.71 18.45 22.35 0.14 6.05 0.00 0.14 9.90 93.81
052 area 1 bt 33.24 3.77 18.26 22.10 0.13 6.07 0.02 0.18 9.70 93.47
052 area 1 bt 32.99 3.78 18.62 21.83 0.15 6.00 0.00 0.14 10.05 93.56
052 area 2 bt 64.69 0.00 18.62 0.17 0.01 0.00 0.02 1.44 14.93 99.89
052 area 2 bt 64.94 0.00 18.55 0.16 0.00 0.00 0.00 0.93 15.67 100.25
052 area 2 bt 64.39 0.01 18.51 0.17 0.01 0.00 0.01 0.99 15.65 99.74
052 area 2 bt 64.60 0.01 18.55 0.15 0.02 0.00 0.03 1.46 15.14 99.96
052 area 2 bt 64.83 0.00 18.58 0.13 0.02 0.00 0.02 1.47 14.86 99.93
052 area 2 bt 65.02 0.01 18.50 0.11 0.00 0.00 0.03 1.47 15.13 100.28
052 area 2 bt 34.54 2.83 19.49 20.80 0.07 7.39 0.01 0.14 9.88 95.15
052 area 2 bt 34.19 2.82 19.88 20.67 0.07 7.32 0.01 0.12 9.85 94.93
052 area 2 bt 34.73 2.73 19.57 20.33 0.06 7.11 0.01 0.14 9.94 94.62
052 area 2 bt 33.96 2.70 20.03 20.48 0.08 6.99 0.02 0.15 9.81 94.23
052 area 2 bt 33.50 2.72 19.69 20.34 0.09 6.54 0.05 0.17 9.86 92.95
052 area 2 bt 34.55 2.73 19.63 20.49 0.05 7.12 0.00 0.13 9.98 94.69
052 area 2 bt 34.74 2.74 19.51 20.73 0.06 6.97 0.01 0.14 9.99 94.89
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052 area 2 bt 34.46 3.18 19.31 21.42 0.09 6.66 0.02 0.11 9.94 95.20
052 area 2 bt 34.24 3.23 19.46 21.12 0.07 6.66 0.00 0.13 10.07 94.99
052 area 2 bt 33.90 3.23 18.87 21.10 0.09 6.60 0.02 0.14 9.99 93.94
052 area 3 bt 34.80 3.58 18.34 21.59 0.12 6.67 0.00 0.11 9.76 94.97
052 area 3 bt 33.39 3.53 18.77 21.76 0.13 6.25 0.00 0.11 9.74 93.68
052 area 3 bt 32.67 3.61 17.79 21.71 0.13 5.98 0.00 0.09 9.50 91.49
052 area 3 bt 33.91 3.67 17.77 22.00 0.14 6.38 0.00 0.10 9.68 93.65
052 area 3 bt 34.00 3.68 18.15 21.68 0.13 6.32 0.00 0.12 9.75 93.84
052 area 3 bt 33.70 3.82 18.26 21.79 0.13 6.24 0.00 0.13 9.77 93.83
052 area 3 bt 33.03 3.68 17.98 21.81 0.13 6.12 0.00 0.13 9.66 92.53
052 area 4 bt 34.78 3.47 19.59 20.01 0.06 6.72 0.05 0.21 9.69 94.59
052 area 4 bt 35.52 2.96 19.23 20.25 0.04 7.22 0.07 0.19 9.66 95.14
052 area 4 bt 35.15 2.85 19.25 19.37 0.06 7.27 0.10 0.22 9.33 93.58
052 area 4 bt 34.55 2.95 20.19 19.79 0.07 6.66 0.08 0.25 9.25 93.79
052 area 4 bt 35.46 3.14 18.33 19.63 0.09 6.78 0.07 0.16 9.37 93.03
052 area 4 bt 34.30 2.60 17.49 20.24 0.10 6.23 0.09 0.11 9.40 90.56
052 area 4 bt 36.87 3.66 17.37 20.46 0.11 6.96 0.09 0.16 9.38 95.07
052 area 4 bt 33.88 3.67 18.73 20.67 0.08 6.45 0.07 0.19 9.56 93.31
052 area 4 bt 24.41 0.15 21.33 31.38 0.07 8.87 0.04 0.04 0.09 86.39
052 area 4 bt 33.69 3.45 18.27 22.86 0.12 6.39 0.05 0.14 9.08 94.05
052 area 4 bt 27.18 1.12 18.38 30.18 0.06 7.95 0.05 0.05 2.88 87.86
052 area 4 bt 32.53 3.40 17.47 22.73 0.11 6.02 0.11 0.16 8.41 90.96
052 area 4 bt 33.83 3.66 18.19 22.03 0.12 6.19 0.05 0.15 9.72 93.94
052 area 4 bt 34.34 3.92 18.75 18.38 0.06 7.98 0.07 0.22 9.66 93.37
052 area 4 bt 32.85 3.86 17.71 18.14 0.06 7.23 0.30 0.19 9.50 89.85
052 area 4 bt 32.43 3.90 19.07 18.56 0.08 7.24 0.07 0.24 9.61 91.19
052 area 5 bt 33.46 3.78 18.36 21.65 0.11 6.39 0.00 0.11 9.57 93.43
052 area 5 bt 33.84 3.77 18.08 21.87 0.12 6.56 0.00 0.11 9.69 94.04
052 area 5 bt 33.87 3.79 19.06 21.70 0.13 6.37 0.00 0.12 9.53 94.57
052 area 5 bt 34.18 3.78 18.27 21.61 0.13 6.50 0.00 0.13 9.42 94.03
052 area 5 bt 33.66 3.76 18.19 22.10 0.11 6.46 0.00 0.10 9.61 94.00
052 area 5 bt 32.93 3.76 18.65 21.85 0.12 6.22 0.00 0.11 9.44 93.09
052 area 5 bt 33.16 3.89 18.57 21.92 0.13 6.33 0.00 0.10 9.52 93.62
052 area 5 bt 35.02 2.73 19.92 20.01 0.07 5.31 0.06 0.10 8.17 91.38
052 area 5 bt 24.09 0.31 20.84 30.83 0.05 8.22 0.08 0.06 0.21 84.69
052 area 5 bt 33.13 4.13 17.62 22.35 0.13 6.24 0.03 0.14 9.10 92.86
052 area 5 bt 31.74 3.54 18.15 23.58 0.10 6.53 0.00 0.10 7.92 91.67
052 area 6 bt 34.51 4.17 18.69 21.10 0.15 6.29 0.06 0.20 9.61 94.78
052 area 6 bt 32.76 3.95 18.82 21.59 0.13 5.66 0.05 0.19 9.51 92.66
052 area 6 bt 34.40 3.97 18.70 21.72 0.14 6.32 0.04 0.17 9.67 95.14
052 area 6 bt 33.60 3.96 18.92 21.56 0.15 5.82 0.04 0.17 9.54 93.76
052 area 6 bt 32.49 3.93 17.28 21.30 0.14 5.70 0.05 0.15 9.41 90.44
052 area 6 bt 34.47 4.01 17.54 21.33 0.12 6.25 0.05 0.18 9.44 93.37
052 area 6 bt 35.33 4.04 17.98 21.72 0.12 6.47 0.04 0.16 9.73 95.59
052 area 6 bt 30.93 4.02 17.57 21.23 0.12 5.27 0.05 0.17 9.47 88.84
052 area 6 bt 34.23 4.03 18.46 21.27 0.13 6.07 0.07 0.20 9.45 93.91
052 area 6 bt 35.00 3.84 18.93 20.53 0.11 6.10 0.12 0.25 8.93 93.82
052 area 7 bt 47.91 3.13 13.12 18.96 0.17 4.85 0.10 0.16 7.92 96.31
052 area 7 bt 34.87 3.52 19.06 21.92 0.18 7.03 0.06 0.19 9.49 96.34
052 area 7 bt 34.15 3.67 17.91 21.58 0.12 6.63 0.08 0.17 9.44 93.74
052 area 7 bt 35.54 3.56 18.89 21.81 0.12 6.85 0.10 0.21 9.34 96.43
052 area 7 bt 36.11 3.57 17.41 21.01 0.12 6.96 0.14 0.23 9.16 94.71
118
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
052 area 7 bt 36.85 3.41 19.63 17.98 0.08 5.43 0.07 0.12 8.07 91.64
052 area 7 bt 33.79 2.60 16.89 24.64 0.12 7.55 0.06 0.13 7.48 93.26
052 area 7 bt 35.16 3.39 16.74 21.59 0.16 7.06 0.10 0.18 9.45 93.84
052 area 7 bt 51.32 2.54 12.67 16.03 0.15 4.12 0.09 0.10 7.52 94.53
052 area 7 bt 33.89 3.29 17.09 21.63 0.15 6.78 0.12 0.22 9.13 92.30
052 area 7 bt 35.59 3.25 17.86 22.02 0.16 7.06 0.10 0.22 9.25 95.51
052 area 7 bt 34.02 3.09 18.00 22.64 0.14 6.81 0.10 0.22 8.84 93.87
052 area 7 bt 38.44 3.01 19.19 21.18 0.41 5.93 0.11 0.13 8.38 96.79
052 area 7 bt 47.76 1.12 22.90 8.78 0.13 3.09 0.12 0.12 8.22 92.25
052 area 7 bt 22.70 0.02 22.16 31.86 5.86 0.52 1.01 0.07 0.06 84.26
052 area 7 bt 32.87 4.02 16.72 22.34 0.12 5.90 0.02 0.11 9.61 91.70
055 area 1 bio34.78 3.55 19.92 22.38 0.16 6.78 0.03 0.17 9.52 97.29
055 area 1 bio34.33 3.50 20.09 21.89 0.16 6.65 0.01 0.15 9.59 96.38
055 area 1 bio34.23 3.49 19.74 22.21 0.12 6.72 0.01 0.17 9.54 96.25
055 area 1 bio33.73 3.55 19.81 21.80 0.14 6.71 0.00 0.14 9.51 95.41
055 area 1 bio38.19 3.37 25.62 12.74 0.09 3.87 0.06 0.11 8.71 92.75
055 area 1 bio33.39 3.60 19.48 22.76 0.16 6.68 0.00 0.14 9.55 95.77
055 area 1 bio34.42 3.59 19.90 22.44 0.15 6.62 0.00 0.15 9.66 96.92
055 area 2 bio34.43 3.37 20.17 22.04 0.10 6.88 0.00 0.14 9.65 96.78
055 area 2 bio34.26 3.45 20.21 22.53 0.13 6.79 0.00 0.16 9.62 97.15
055 area 2 bio34.25 3.42 19.80 22.20 0.10 6.87 0.00 0.14 9.66 96.45
055 area 2 bio34.51 3.21 20.39 21.75 0.08 6.85 0.00 0.16 9.56 96.51
055 area 2 bio34.43 3.05 20.37 22.60 0.09 6.86 0.00 0.16 9.32 96.87
055 area 3 bio31.27 3.30 19.21 22.12 0.11 5.43 0.11 0.17 8.81 90.52
055 area 3 bio34.33 1.87 20.37 21.87 0.14 7.59 0.08 0.19 9.35 95.80
055 area 3 bio34.08 3.28 20.51 22.50 0.11 6.20 0.14 0.22 9.07 96.11
055 area 3 bio35.29 3.13 20.18 21.96 0.09 6.66 0.16 0.19 9.04 96.70
055 area 3 bio34.36 2.91 20.32 21.41 0.08 6.60 0.17 0.23 8.89 94.97
055 area 3 bio34.40 2.76 16.78 21.02 0.09 6.84 0.22 0.17 9.14 91.41
055 area 3 bio35.28 2.81 20.64 21.27 0.06 7.05 0.15 0.21 9.09 96.56
055 area 3 bio34.09 2.84 21.23 20.97 0.08 6.55 0.19 0.27 8.82 95.04
055 area 3 bio35.75 2.94 20.33 21.65 0.07 7.21 0.17 0.22 9.02 97.36
055 area 3 bio34.43 3.21 20.63 22.59 0.12 6.55 0.17 0.21 8.89 96.80
055 area 3 bio32.89 3.28 20.11 22.03 0.09 6.06 0.13 0.20 8.76 93.54
055 area 3 bio33.18 3.38 19.39 22.54 0.13 6.45 0.07 0.16 9.27 94.57
055 area 3 bio31.89 3.40 17.27 22.51 0.13 6.03 0.03 0.10 9.35 90.72
055 area 3 bio33.40 3.43 19.48 21.31 0.12 6.19 0.09 0.20 9.21 93.44
055 area 3 bio33.87 3.07 18.69 23.94 0.11 7.25 0.09 0.12 8.01 95.15
055 area 3 bio34.08 3.34 18.31 21.81 0.14 6.71 0.10 0.15 9.34 93.98
055 area 3 bio31.36 3.40 17.64 21.98 0.11 6.02 0.12 0.15 9.32 90.10
055 area 4 bio34.63 4.08 18.87 22.73 0.13 6.58 0.00 0.17 9.50 96.69
055 area 4 bio34.68 3.86 18.90 23.00 0.17 6.78 0.00 0.16 9.53 97.08
055 area 4 bio34.80 3.89 18.72 22.77 0.14 6.88 0.00 0.16 9.60 96.96
055 area 4 bio34.45 3.84 19.17 23.09 0.15 6.86 0.01 0.15 9.44 97.14
055 area 4 bio34.57 3.96 19.12 22.57 0.13 6.66 0.00 0.13 9.58 96.73
055 area 4 bio34.22 3.83 18.86 23.19 0.14 6.70 0.00 0.13 9.37 96.45
055 area 4 bio34.40 3.88 18.55 23.67 0.15 6.66 0.00 0.15 9.44 96.89
055 area 4 bio34.85 3.97 19.26 22.25 0.13 6.68 0.00 0.14 9.62 96.90
055 area 4 bio34.59 3.80 19.27 22.15 0.12 6.99 0.01 0.15 9.51 96.59
055 area 4 bio34.57 3.81 19.19 22.92 0.14 6.66 0.01 0.17 9.45 96.92
055 area 4 bio34.65 3.71 19.12 22.82 0.23 6.70 0.00 0.15 9.37 96.76
055 area 4 bio34.72 3.86 19.37 22.89 0.15 6.54 0.00 0.16 9.43 97.12
119
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
055 area 5 bio34.90 3.51 19.66 22.75 0.15 6.41 0.00 0.13 9.55 97.07
055 area 5 bio34.68 3.54 19.60 22.81 0.15 6.50 0.00 0.15 9.55 96.97
055 area 5 bio34.63 3.51 19.72 22.78 0.16 6.39 0.01 0.13 9.50 96.82
055 area 5 bio34.34 3.54 19.40 22.36 0.17 6.55 0.00 0.14 9.47 95.95
055 area 5 bio34.90 3.50 19.08 22.36 0.15 6.75 0.01 0.15 9.49 96.39
055 area 5 bio34.48 3.50 19.39 22.82 0.17 6.59 0.00 0.13 9.54 96.62
055 area 5 bio34.50 3.49 19.30 22.25 0.16 6.81 0.02 0.13 9.59 96.24
055 area 5 bio34.31 3.50 19.27 22.23 0.16 6.58 0.02 0.15 9.46 95.67
055 area 5 bio34.37 3.45 19.50 22.78 0.14 6.85 0.00 0.14 9.63 96.87
055 area 5 bio34.67 3.40 19.27 22.52 0.14 6.73 0.00 0.14 9.60 96.47
055 area 2 bio213.98 1.85 12.08 12.49 0.08 4.62 0.00 0.12 7.23 52.44
055 area 2 bio213.91 1.91 11.99 12.19 0.08 4.54 0.00 0.12 7.13 51.87
055 area 2 bio213.99 1.94 11.89 12.23 0.10 4.59 0.00 0.10 7.12 51.96
055 area 2 bio213.83 1.95 11.73 12.28 0.09 4.56 0.00 0.12 7.09 51.64
059 area 1 bt 33.56 1.95 19.47 23.01 0.08 6.22 0.03 0.11 9.71 94.14
059 area 1 bt 32.69 2.36 20.25 23.40 0.08 5.43 0.08 0.19 9.36 93.85
059 area 1 bt 32.58 2.16 19.09 24.30 0.08 6.00 0.02 0.08 9.53 93.84
059 area 1 bt 33.01 2.22 18.46 23.25 0.06 6.20 0.05 0.11 9.75 93.10
059 area 1 bt 33.57 2.14 19.45 23.68 0.05 6.07 0.02 0.13 9.85 94.95
059 area 1 bt 32.12 2.23 18.94 23.88 0.08 5.99 0.00 0.10 9.93 93.27
059 area 1 bt 32.07 2.16 19.18 23.48 0.05 5.80 0.00 0.10 9.98 92.82
059 area 1 bt 32.70 2.52 19.01 23.41 0.06 5.90 0.00 0.07 10.03 93.70
059 area 1 bt 33.18 2.58 18.93 23.51 0.04 5.91 0.00 0.07 9.90 94.13
059 area 1 bt 39.07 1.74 24.34 13.49 0.04 3.00 0.02 0.06 9.09 90.84
059 area 1 bt 95.20 0.00 0.03 0.39 0.00 0.00 0.00 0.00 0.04 95.66
059 area 1 bt 35.63 2.29 18.25 19.05 0.05 8.80 0.08 0.16 9.32 93.62
059 area 1 bt 25.31 0.31 15.01 30.98 1.12 2.01 1.21 0.07 1.48 77.50
059 area 3 bt 33.51 0.39 19.59 21.73 0.04 8.57 0.06 0.17 9.46 93.52
059 area 3 bt 32.48 0.40 20.04 20.98 0.05 8.15 0.03 0.18 9.67 91.98
059 area 3 bt 34.91 0.31 18.46 20.65 0.04 8.42 0.12 0.18 9.49 92.58
059 area 3 bt 32.33 0.38 19.14 20.72 0.04 7.67 0.08 0.17 9.54 90.07
059 area 3 bt 33.29 0.41 20.57 20.85 0.03 8.46 0.04 0.20 9.57 93.42
059 area 3 bt 32.67 3.20 19.17 22.77 0.06 5.38 0.08 0.17 9.53 93.03
059 area 3 bt 31.87 2.99 19.77 23.40 0.09 5.28 0.07 0.16 9.40 93.04
059 area 3 bt 31.07 2.96 19.76 23.01 0.06 4.90 0.10 0.18 9.34 91.37
059 area 3 bt 31.97 3.02 20.23 21.97 0.06 4.80 0.20 0.27 8.95 91.47
059 area 3 bt 31.29 1.01 20.29 23.85 0.08 5.42 0.07 0.14 9.50 91.66
059 area 3 bt 32.23 1.06 19.28 25.09 0.09 5.85 0.02 0.12 9.79 93.53
059 area 3 bt 32.10 1.07 19.34 25.00 0.08 5.82 0.02 0.12 9.65 93.20
059 area 3 bt 32.39 1.08 18.66 24.78 0.10 6.07 0.04 0.12 9.67 92.90
059 area 3 bt 31.60 1.09 19.52 24.46 0.06 5.82 0.04 0.15 9.64 92.39
059 area 3 bt 31.61 1.08 19.30 24.17 0.06 5.92 0.05 0.14 9.57 91.90
059 area 3 bt 32.26 1.62 20.64 23.60 0.07 5.08 0.01 0.07 9.19 92.54
059 area 3 bt 31.60 1.87 18.95 24.09 0.07 5.78 0.00 0.09 9.83 92.28
059 area 3 bt 32.96 3.23 18.60 23.87 0.06 5.63 0.07 0.13 9.61 94.16
059 area 3 bt 31.73 3.48 17.99 23.60 0.06 5.12 0.11 0.19 9.40 91.68
059 area 3 bt 34.25 3.46 18.36 23.30 0.07 5.91 0.06 0.14 9.66 95.20
059 area 3 bt 33.41 3.39 19.37 23.53 0.07 5.44 0.05 0.17 9.61 95.03
059 area 3 bt 33.19 3.18 20.24 22.97 0.05 5.46 0.05 0.17 9.56 94.87
059 area 3 bt 33.64 3.24 19.52 23.43 0.05 5.45 0.05 0.17 9.61 95.17
059 area 3 bt 33.81 2.34 19.77 24.48 0.07 5.87 0.06 0.18 9.49 96.06
059 area 3 bt 32.26 2.31 18.90 24.44 0.09 5.74 0.01 0.10 9.63 93.49
120
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
059 area 3 bt 32.94 2.41 18.98 23.82 0.05 5.67 0.00 0.11 9.85 93.84
059 area 3 bt 32.88 2.47 19.32 24.08 0.06 5.66 0.00 0.12 9.84 94.43
059 area 3 bt 33.38 2.31 19.11 24.37 0.09 5.94 0.00 0.12 9.79 95.11
059 area 4 bt 35.28 0.00 21.05 37.62 1.88 1.84 0.92 0.00 0.03 98.62
059 area 4 bt 35.28 0.00 20.86 37.49 1.88 2.12 0.96 0.00 0.00 98.60
059 area 4 bt 35.43 0.00 20.89 37.93 1.78 2.20 0.99 0.00 0.01 99.24
059 area 4 bt 35.37 0.00 21.15 37.84 1.80 2.18 0.98 0.00 0.00 99.32
059 area 4 bt 35.46 0.00 21.00 37.83 1.79 2.15 0.99 0.00 0.00 99.22
059 area 4 bt 35.53 0.00 21.20 37.52 1.75 2.14 1.02 0.00 0.00 99.16
059 area 4 bt 35.44 0.00 20.97 38.10 1.75 1.96 0.96 0.00 0.00 99.18
059 area 4 bt 35.55 0.00 21.08 38.10 1.71 2.16 0.98 0.00 0.01 99.58
059 area 4 bt 24.68 0.25 20.83 31.59 0.13 6.63 0.06 0.10 1.03 85.32
059 area 4 bt 24.39 0.83 19.81 28.36 0.14 5.37 0.05 0.10 3.39 82.44
059 area 4 bt 30.04 1.90 20.01 22.26 0.04 4.95 0.05 0.16 9.43 88.85
059 area 4 bt 31.85 1.87 20.07 22.61 0.05 5.60 0.04 0.16 9.59 91.85
059 area 4 bt 35.11 1.81 20.30 21.93 0.05 6.50 0.07 0.17 9.28 95.22
059 area 4 bt 33.96 1.85 17.69 22.44 0.06 6.20 0.11 0.14 9.40 91.86
059 area 4 bt 34.41 1.97 19.06 22.88 0.06 6.24 0.04 0.15 9.67 94.47
059 area 4 bt 34.13 1.68 19.92 22.61 0.06 6.75 0.04 0.15 9.57 94.92
059 area 4 bt 31.30 2.32 18.87 22.03 0.05 5.78 0.05 0.12 9.84 90.38
059 area 4 bt 30.98 2.16 19.01 22.40 0.03 5.80 0.06 0.12 9.80 90.36
059 area 4 bt 33.33 2.21 19.01 22.07 0.06 6.40 0.08 0.14 9.75 93.04
059 area 4 bt 30.91 1.97 18.40 21.51 0.06 5.90 0.10 0.15 9.59 88.59
059 area 4 bt 30.71 2.02 18.35 21.79 0.05 6.05 0.08 0.15 9.78 88.98
059 area 4 bt 32.04 2.13 18.10 22.39 0.05 6.38 0.06 0.10 9.93 91.18
059 area 6 bt 31.61 2.69 19.91 23.24 0.10 5.83 0.10 0.17 9.37 93.02
059 area 6 bt 30.74 2.68 18.35 22.51 0.06 5.56 0.07 0.12 9.72 89.81
059 area 6 bt 32.64 2.78 18.66 22.95 0.06 6.16 0.02 0.11 9.92 93.30
059 area 6 bt 32.84 2.59 19.09 23.24 0.07 6.28 0.07 0.13 9.67 93.98
059 area 6 bt 32.63 2.66 19.36 23.41 0.05 6.15 0.04 0.14 9.87 94.30
059 area 6 bt 32.41 2.60 18.06 22.81 0.08 6.21 0.07 0.13 9.70 92.07
059 area 6 bt 32.64 3.10 18.71 22.88 0.04 6.04 0.02 0.11 9.96 93.48
059 area 6 bt 32.69 3.07 18.89 22.68 0.05 6.13 0.00 0.10 10.03 93.65
059 area 6 bt 32.75 3.36 18.70 23.01 0.04 6.00 0.00 0.09 9.98 93.93
059 area 6 bt 32.33 2.52 19.18 22.87 0.06 5.99 0.03 0.12 9.94 93.04
059 area 6 bt 31.65 2.59 19.03 22.28 0.05 5.85 0.08 0.11 9.72 91.35
059 area 6 bt 32.83 2.58 19.16 22.61 0.06 6.15 0.06 0.12 9.74 93.31
059 area 6 bt 32.66 2.72 18.68 23.55 0.08 6.16 0.01 0.07 9.98 93.91
059 area 6 bt 32.69 2.52 19.03 23.47 0.06 6.02 0.05 0.08 9.90 93.82
059 area 6 bt 33.09 2.72 18.65 23.44 0.05 6.19 0.02 0.11 9.99 94.26
059 area 6 bt 33.18 2.49 18.69 23.49 0.08 6.32 0.04 0.10 9.85 94.25
059 area 6 bt 32.62 2.63 18.73 23.64 0.04 5.98 0.01 0.10 9.84 93.57
059 area 6 bt 33.90 1.36 19.45 21.96 0.02 8.04 0.02 0.13 9.75 94.63
059 area 6 bt 33.29 1.34 19.64 21.58 0.02 7.95 0.00 0.11 9.87 93.80
059 area 6 bt 33.57 1.40 19.60 21.42 0.03 7.82 0.00 0.12 9.93 93.89
059 area 6 bt 33.36 1.39 19.79 21.63 0.04 7.92 0.00 0.12 9.90 94.15
059 area 6 bt 33.58 1.41 19.86 21.51 0.03 7.83 0.00 0.12 9.97 94.30
059 area 6 bt 33.76 1.42 19.92 21.40 0.02 7.81 0.01 0.12 9.93 94.38
059 area 6 bt 33.91 1.38 20.21 20.72 0.03 8.05 0.01 0.13 9.87 94.31
059 area 6 bt 32.77 3.34 19.01 22.04 0.04 6.12 0.08 0.12 9.72 93.26
059 area 6 bt 39.86 1.59 27.97 11.89 0.01 3.26 0.09 0.09 4.93 89.68
059 area 6 bt 33.42 3.17 19.32 21.93 0.03 6.42 0.00 0.09 9.96 94.35
121
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
059 area 6 bt 33.88 3.51 19.40 22.15 0.03 6.43 0.03 0.13 9.80 95.35
APPENDIX B: Complete Microprobe analyses for garnet
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
013 area 1 36.94 0.11 21.84 35.63 0.19 2.33 4.79 0.00 0.00 101.83
013 area 1 36.01 0.06 21.78 35.25 0.37 2.05 5.42 0.02 0.00 100.95
013 area 1 36.57 0.03 21.58 34.79 0.51 1.96 5.42 0.01 0.00 100.88
013 area 1 35.98 0.04 21.74 35.23 0.42 2.00 5.38 0.00 0.00 100.79
013 area 1 36.26 0.05 21.79 35.78 0.33 2.07 5.20 0.02 0.00 101.50
013 area 1 35.63 0.03 21.29 34.48 0.18 2.09 5.25 0.01 0.00 98.97
013 area 1 35.75 0.08 21.72 36.07 0.15 2.23 4.72 0.02 0.00 100.74
013 area 1 36.28 0.02 21.74 35.75 0.09 2.38 5.15 0.02 0.00 101.44
013 area 3  gt36.69 0.05 21.81 35.48 0.10 2.29 5.26 0.00 0.00 101.69
013 area 3  gt57.06 0.55 12.54 13.17 0.01 3.57 0.67 0.08 4.27 91.93
013 area 3  gt58.05 0.12 25.22 2.73 0.01 1.24 0.06 0.30 6.67 94.41
013 area 3  gt37.03 0.55 22.51 19.89 0.13 4.92 1.56 0.10 7.09 93.77
013 area 3  gt34.94 0.06 21.92 35.34 0.18 2.18 5.22 0.01 0.04 99.89
013 area 3  gt35.90 0.51 21.19 26.10 0.10 4.15 2.49 0.03 3.84 94.31
013 area 3  gt47.52 0.91 20.23 15.98 0.02 6.34 0.19 0.12 8.00 99.32
013 area 3  gt35.91 0.09 21.71 35.23 0.40 1.96 5.48 0.01 0.00 100.79
013 area 3  gt36.19 0.06 21.75 35.42 0.45 1.98 5.45 0.02 0.00 101.32
013 area 3  gt36.67 0.06 21.79 35.35 0.61 1.86 5.40 0.00 0.01 101.75
013 area 3  gt 2 smaller35.19 0.06 21.83 35.38 0.43 2.08 5.31 0.01 0.00 100.30
013 area 3  gt 2 smaller35.24 0.06 21.70 34.57 0.63 1.83 5.70 0.00 0.00 99.74
013 area 3  gt 2 smaller36.44 0.08 21.65 34.38 1.12 1.73 5.96 0.02 0.00 101.37
013 area 3  gt 2 smaller35.01 0.07 21.92 33.50 1.44 1.62 6.64 0.01 0.00 100.23
013 area 3  gt 2 smaller35.77 0.05 21.71 32.81 1.70 1.54 6.89 0.01 0.00 100.48
013 area 3  gt 2 smaller35.39 0.07 21.77 33.61 1.72 1.63 6.48 0.02 0.00 100.69
013 area 3  gt 2 smaller35.56 0.18 21.80 33.14 1.76 1.62 6.35 0.02 0.01 100.44
013 area 3  gt 2 smaller35.34 0.08 21.81 33.63 1.41 1.69 6.11 0.01 0.00 100.08
013 area 3  gt 2 smaller35.64 0.08 21.83 32.45 1.10 1.76 7.33 0.01 0.01 100.22
013 area 3  gt 2 smaller31.83 0.02 20.37 33.12 1.12 1.37 4.66 0.05 0.17 92.71
013 area 3  gt 2 smaller35.16 0.05 21.80 34.09 1.19 1.66 6.06 0.01 0.00 100.02
013 area 3  gt 2 smaller35.08 0.06 21.15 33.48 1.02 1.63 6.01 0.01 0.00 98.44
013 area 3  gt 2 smaller35.61 0.04 21.75 34.88 0.79 1.77 5.62 0.02 0.00 100.50
013 area 3  gt 2 smaller36.33 0.04 21.70 35.05 0.53 1.91 5.61 0.01 0.00 101.19
013 area 3  gt 2 smaller36.44 0.05 21.70 35.12 0.31 2.14 5.35 0.01 0.00 101.11
013 area 5 gt 34.07 0.07 21.74 35.31 0.09 2.27 5.43 0.01 0.01 99.00
013 area 5 gt 34.80 0.05 21.95 35.55 0.11 2.30 5.24 0.00 0.00 100.00
013 area 5 gt 26.38 0.00 14.43 28.86 0.15 2.98 9.19 0.00 0.00 81.99
013 area 5 gt 35.93 0.06 21.63 34.47 0.68 1.86 5.97 0.01 0.00 100.61
013 area 5 gt 34.48 0.06 21.82 34.35 0.89 1.81 5.85 0.01 0.00 99.27
013 area 5 gt 35.81 0.09 21.67 33.96 0.94 1.82 6.27 0.00 0.00 100.56
013 area 5 gt 35.03 0.05 21.86 34.53 0.65 1.83 6.30 0.01 0.00 100.26
013 area 5 gt 34.79 0.06 21.86 35.33 0.37 2.01 5.45 0.01 0.01 99.88
013 area 5 gt 36.77 0.05 22.64 34.07 0.09 2.40 4.99 0.02 0.82 101.86
013 area 5 gt pass 235.11 0.06 21.87 36.12 0.07 2.34 4.91 0.00 0.05 100.53
013 area 5 gt pass 235.86 0.04 21.89 35.98 0.11 2.29 4.97 0.00 0.00 101.14
013 area 5 gt pass 235.79 0.06 21.89 35.82 0.12 2.25 5.22 0.00 0.00 101.15
013 area 5 gt pass 235.4 0.04 21.88 36.00 0.13 2.24 4.93 0.00 0.00 100.64
013 area 5 gt pass 235.48 0.07 21.81 35.86 0.18 2.24 4.85 0.00 0.00 100.48
013 area 5 gt pass 235.14 0.07 21.82 35.68 0.22 2.07 5.09 0.00 0.00 100.09
122
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
013 area 5 gt pass 235.15 0.07 21.82 35.09 0.34 2.18 5.37 0.01 0.01 100.03
013 area 5 gt pass 234.71 0.07 21.81 34.74 0.45 2.03 5.74 0.00 0.00 99.55
013 area 5 gt pass 235.08 0.06 21.77 34.32 0.81 1.91 6.14 0.01 0.00 100.11
013 area 5 gt pass 234.57 0.04 21.79 34.80 0.87 1.77 5.84 0.00 0.00 99.70
013 area 5 gt pass 235.20 0.05 21.87 34.95 0.67 1.84 5.78 0.00 0.00 100.37
013 area 5 gt pass 235.85 0.04 21.82 35.03 0.59 1.92 5.56 0.01 0.00 100.82
013 area 5 gt pass 235.49 0.07 21.87 35.67 0.32 2.05 5.24 0.01 0.00 100.71
013 area 5 gt pass 233.15 0.22 20.29 32.44 0.14 2.06 5.04 0.01 0.00 93.36
013 area 5 gt pass 235.43 0.06 21.93 34.84 0.09 2.30 5.45 0.00 0.03 100.12
013 area 8  gt36.68 0.06 21.49 34.86 0.12 2.13 6.06 0.00 0.00 101.42
013 area 8  gt35.90 0.04 21.67 35.96 0.15 2.17 5.05 0.00 0.00 100.95
013 area 8  gt35.77 0.05 21.85 35.57 0.20 2.12 5.60 0.00 0.00 101.16
013 area 8  gt36.14 0.06 21.75 35.17 0.24 2.11 5.83 0.00 0.00 101.30
013 area 8  gt35.08 0.09 21.84 35.41 0.24 2.03 5.62 0.00 0.00 100.31
013 area 8  gt36.00 0.04 21.73 35.47 0.27 2.05 5.58 0.00 0.00 101.16
013 area 8  gt35.53 0.04 21.89 35.50 0.30 2.08 5.39 0.00 0.01 100.73
013 area 8  gt36.34 0.05 21.94 35.51 0.19 2.18 5.23 0.00 0.00 101.44
013 area 8  gt36.85 0.02 21.67 35.43 0.07 2.37 5.28 0.00 0.00 101.69
013 area 8  gt36.19 0.03 21.67 35.20 0.07 2.36 5.36 0.00 0.00 100.89
013 area 8  gt36.23 0.06 21.70 36.14 0.13 2.19 4.86 0.00 0.01 101.32
013 area 8  gt33.46 0.02 19.51 32.46 0.39 1.92 4.98 0.00 0.00 92.74
013 area 8  gt36.19 0.07 21.82 34.85 0.57 1.84 5.91 0.01 0.00 101.25
032 area 2 gar38.04 0.00 20.93 32.62 1.01 5.17 2.95 0.00 0.00 100.73
032 area 2 gar38.22 0.00 21.11 31.11 1.11 5.32 3.64 0.01 0.00 100.51
032 area 2 gar37.92 0.00 21.05 31.35 1.23 5.25 3.66 0.01 0.00 100.47
032 area 2 gar38.24 0.00 20.88 31.23 1.26 5.23 3.66 0.01 0.00 100.50
032 area 2 gar37.98 0.00 20.88 32.74 1.27 4.72 3.20 0.01 0.01 100.81
032 area 2 gar37.81 0.00 21.01 32.51 1.12 4.93 3.10 0.00 0.00 100.49
032 area 2 gar38.35 0.00 20.93 32.29 0.98 5.37 3.19 0.01 0.01 101.14
032 area 2 gar38.03 0.00 21.01 32.68 1.63 4.53 2.98 0.00 0.03 100.87
032 area 2 gar37.96 0.01 20.86 31.85 1.25 4.72 3.56 0.01 0.01 100.24
032 area 2 gar37.90 0.00 21.05 32.63 1.63 4.51 3.27 0.01 0.00 101.01
032 area 2 gar37.96 0.00 20.60 32.40 1.16 4.91 3.22 0.00 0.00 100.25
032 area 2 gar37.69 0.00 20.88 32.55 1.33 4.67 3.04 0.00 0.01 100.18
032 area 4 gar37.58 0.00 21.09 31.53 1.33 4.96 3.88 0.00 0.01 100.38
032 area 4 gar37.74 0.00 21.08 30.93 1.35 5.30 3.86 0.01 0.00 100.27
032 area 4 gar37.87 0.00 21.18 30.80 1.36 5.30 3.93 0.02 0.00 100.46
032 area 4 gar37.94 0.00 21.06 30.79 1.33 5.29 3.89 0.01 0.00 100.30
032 area 4 gar37.82 0.00 21.07 31.72 1.46 4.69 3.75 0.00 0.02 100.53
032 area 4 gar37.61 0.00 21.10 31.75 1.31 4.72 3.71 0.00 0.01 100.22
032 area 4 gar37.48 0.00 21.00 32.03 1.33 4.64 3.77 0.00 0.01 100.26
032 area 4 gar38.00 0.00 21.10 31.97 1.22 4.74 3.32 0.00 0.00 100.35
032 area 4 gar37.85 0.00 21.29 31.96 1.24 4.98 3.24 0.00 0.01 100.56
032 area 4 gar37.91 0.00 21.24 31.33 1.15 4.99 3.82 0.00 0.00 100.44
032 area 6 gar37.30 0.00 21.45 32.10 1.04 5.04 3.50 0.01 0.00 100.44
032 area 6 gar37.31 0.00 21.42 31.43 0.90 5.32 3.79 0.01 0.00 100.19
032 area 6 gar37.36 0.00 21.24 31.34 0.84 5.41 4.07 0.01 0.00 100.27
032 area 6 gar37.34 0.00 21.34 31.12 0.78 5.24 4.06 0.02 0.00 99.91
032 area 6 gar37.54 0.00 21.23 31.36 0.79 5.20 4.06 0.01 0.00 100.20
032 area 6 gar37.76 0.00 21.22 31.36 0.78 5.26 4.07 0.00 0.00 100.46
032 area 6 gar37.65 0.00 21.32 31.25 0.80 5.27 4.07 0.02 0.01 100.38
032 area 6 gar37.68 0.00 21.16 30.90 0.79 5.24 4.01 0.01 0.00 99.80
123
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
032 area 6 gar37.67 0.00 21.05 31.52 0.78 5.13 4.02 0.02 0.00 100.19
032 area 6 gar37.93 0.00 21.08 31.41 0.89 5.19 4.00 0.00 0.01 100.51
032 area 6 gar37.76 0.00 21.07 31.57 0.88 5.11 4.05 0.00 0.00 100.46
032 area 6 gar37.70 0.00 21.26 31.44 0.88 5.10 3.73 0.01 0.00 100.13
032 area 6 gar37.81 0.00 21.23 31.59 0.87 5.21 3.84 0.01 0.00 100.56
032 area 6 gar37.77 0.00 21.14 31.28 0.85 5.23 3.87 0.00 0.00 100.14
032 area 6 gar37.58 0.00 21.32 31.07 0.85 5.21 4.12 0.00 0.01 100.15
032 area 6 gar37.57 0.00 21.52 31.16 0.85 5.24 4.24 0.00 0.01 100.59
032 area 6 gar37.78 0.00 21.37 31.18 0.82 5.28 4.23 0.01 0.01 100.69
032 area 6 gar37.71 0.00 21.16 30.87 0.81 5.36 4.26 0.02 0.01 100.19
032 area 6 gar36.27 0.00 21.25 31.51 0.90 5.29 3.93 0.00 0.01 99.17
032 area 6 gar36.21 0.00 21.22 31.09 0.88 5.19 4.25 0.00 0.01 98.85
032 area 6 gar36.49 0.00 21.27 31.35 0.99 5.18 4.12 0.01 0.00 99.40
032 area 6 gar36.43 0.00 21.50 31.30 0.88 5.23 4.28 0.01 0.00 99.62
035 area 1 gt 36.52 0.00 21.78 31.44 2.55 3.92 3.89 0.00 0.01 100.11
035 area 1 gt 36.76 0.03 21.95 31.10 2.40 4.28 3.94 0.00 0.00 100.46
035 area 1 gt 36.71 0.01 21.85 31.03 2.41 4.46 3.81 0.01 0.00 100.29
035 area 1 gt 36.26 0.01 21.83 31.07 2.41 4.37 3.86 0.01 0.00 99.82
035 area 1 gt 36.44 0.01 21.86 31.12 2.38 4.47 3.74 0.00 0.00 100.03
035 area 1 gt 38.05 0.00 21.76 30.33 2.30 4.39 3.86 0.01 0.00 100.70
035 area 1 gt 31.54 0.00 24.01 28.49 2.22 3.57 3.60 0.15 0.02 93.60
035 area 1 gt 24.75 0.03 20.01 20.30 3.04 0.84 2.88 0.48 0.26 72.58
035 area 1 gt 36.85 0.06 22.01 30.77 2.31 4.44 3.86 0.00 0.00 100.30
035 area 1 gt 36.70 0.00 22.05 31.11 2.28 4.45 3.88 0.00 0.00 100.47
035 area 1 gt 36.96 0.02 22.05 30.91 2.27 4.20 4.22 0.01 0.00 100.64
035 area 1 gt 36.59 0.02 21.88 30.93 4.01 2.96 4.03 0.00 0.00 100.42
035 area 1 gt 36.78 0.00 22.13 31.79 2.88 3.52 3.79 0.00 0.02 100.89
035 area 1 gt 36.43 0.00 22.03 31.32 3.70 3.04 3.60 0.00 0.03 100.16
035 area 1 gt 36.53 0.00 22.06 31.44 3.25 3.30 3.60 0.00 0.02 100.19
035 area 1 gt 36.65 0.00 22.08 31.55 2.67 3.59 3.61 0.00 0.01 100.17
035 area 1 gt 36.38 0.00 21.82 31.12 3.55 3.19 4.19 0.00 0.01 100.27
035 area 1 gt 36.18 0.00 21.94 31.51 2.57 3.58 4.15 0.00 0.01 99.94
035 area 1 gt 36.09 0.00 21.93 31.07 2.29 3.92 4.06 0.01 0.01 99.38
035 area 1 gt 36.32 0.01 21.86 31.79 2.54 3.86 3.60 0.00 0.01 99.99
035 area 1 gt 35.99 0.00 21.82 30.73 3.88 2.89 4.48 0.01 0.01 99.80
035 area 1 gt 35.97 0.02 21.94 31.74 2.52 3.86 3.53 0.00 0.02 99.61
035 area 1 gt 36.16 0.02 21.89 31.78 2.30 3.99 3.56 0.00 0.02 99.70
035 area 1 gt 36.06 0.01 21.76 31.67 2.51 3.94 3.74 0.00 0.01 99.69
035 area 4 gt 37.02 0.00 21.87 30.83 2.18 3.57 4.42 0.00 0.00 99.89
035 area 4 gt 37.26 0.00 22.04 31.07 1.89 3.96 4.39 0.00 0.00 100.62
035 area 4 gt 37.22 0.01 22.02 31.13 1.72 4.23 4.15 0.00 0.00 100.48
035 area 4 gt 37.34 0.01 22.05 31.25 1.70 4.18 4.23 0.00 0.01 100.77
035 area 4 gt 37.09 0.00 22.00 31.63 1.73 4.14 4.13 0.00 0.00 100.73
035 area 4 gt 37.25 0.02 21.90 31.25 1.82 4.08 4.18 0.16 0.00 100.66
035 area 4 gt 37.31 0.02 21.75 31.41 1.82 4.08 4.07 0.00 0.00 100.46
035 area 4 gt 37.55 0.00 21.88 31.47 1.84 4.00 4.04 0.00 0.00 100.78
035 area 4 gt 37.32 0.00 22.00 31.30 1.90 4.06 3.85 0.01 0.00 100.44
035 area 4 gt 37.61 0.00 21.99 30.87 1.96 4.02 3.90 0.01 0.00 100.38
035 area 4 gt 37.50 0.00 22.25 30.84 1.95 4.02 4.17 0.00 0.00 100.72
035 area 4 gt 37.16 0.00 21.65 30.22 1.99 3.73 4.24 0.00 0.00 99.00
035 area 4 gt 39.62 0.01 22.12 30.74 3.09 3.48 4.38 0.00 0.03 103.47
035 area 4 gt 35.46 0.02 12.86 29.46 3.66 2.65 4.30 0.00 0.06 88.47
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Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
035 area 4 gt 40.82 0.03 21.61 28.58 4.92 2.94 4.25 0.03 0.10 103.28
035 area 4 gt 37.41 0.00 21.84 29.94 4.03 2.76 4.48 0.04 0.01 100.50
035 area 4 gt 38.52 0.00 21.70 31.09 2.45 3.66 4.43 0.01 0.00 101.85
035 area 4 gt 37.13 0.02 21.84 30.83 3.45 2.95 4.43 0.01 0.02 100.67
035 area 4 gt 37.02 0.00 21.95 31.33 2.48 3.41 4.27 0.00 0.01 100.47
035 area 4 gt 37.63 0.00 22.07 31.35 2.20 3.77 4.10 0.00 0.00 101.11
035 area 4 gt 37.32 0.00 22.04 31.23 2.08 3.89 4.08 0.00 0.00 100.65
035 area 4 gt 37.22 0.00 22.06 31.24 1.97 3.98 4.07 0.00 0.00 100.54
035 area 4 gt 37.33 0.00 22.05 31.13 1.83 4.16 4.13 0.00 0.00 100.64
035 area 4 gt 37.39 0.00 21.89 31.07 1.74 4.14 4.06 0.00 0.00 100.31
035 area 4 gt 37.22 0.00 21.88 31.48 1.74 4.15 4.03 0.00 0.00 100.51
035 area 4 gt 37.46 0.02 21.75 31.39 1.80 4.17 4.12 0.00 0.00 100.72
035 area 4 gt 37.88 0.00 22.05 31.21 1.82 4.15 4.06 0.00 0.01 101.18
035 area 4 gt 37.20 0.00 22.05 30.70 2.57 3.35 4.67 0.00 0.00 100.54
035 area 4 gt 37.03 0.00 21.94 30.69 2.49 3.34 4.71 0.00 0.00 100.21
035 area 4 gt 37.30 0.00 22.03 30.83 2.47 3.41 4.78 0.00 0.00 100.81
035 area 5 gt 37.12 0.02 21.83 30.36 4.54 2.66 3.84 0.02 0.03 100.41
035 area 5 gt 9.52 0.00 23.05 26.76 1.68 0.41 3.08 0.17 0.07 64.74
035 area 5 gt 37.71 0.01 22.12 31.88 1.73 4.59 3.12 0.00 0.00 101.16
035 area 5 gt 37.59 0.00 21.91 31.31 1.69 4.48 3.55 0.00 0.00 100.53
035 area 5 gt 37.39 0.03 21.23 31.42 1.66 4.42 3.67 0.01 0.01 99.83
035 area 5 gt 37.36 0.02 21.83 31.52 1.72 4.46 3.74 0.01 0.00 100.67
035 area 5 gt 37.38 0.02 21.78 31.59 1.70 4.37 3.69 0.01 0.00 100.53
035 area 5 gt 37.53 0.00 21.81 31.55 1.69 4.45 3.68 0.00 0.01 100.70
035 area 5 gt 37.47 0.01 22.03 31.17 1.67 4.46 3.70 0.01 0.00 100.50
035 area 5 gt 37.46 0.01 22.12 31.51 1.71 4.54 3.43 0.00 0.01 100.79
035 area 5 gt 37.60 0.00 22.06 31.52 1.77 4.41 3.55 0.00 0.00 100.92
035 area 5 gt 36.99 0.08 21.83 30.65 2.88 3.32 3.97 0.44 0.00 100.15
035 area 5 gt 37.22 0.09 21.91 30.92 3.02 3.20 4.14 0.00 0.00 100.50
035 area 5 gt 37.23 0.08 21.96 31.34 3.03 3.26 3.98 0.00 0.00 100.88
035 area 5 gt 36.88 0.06 21.37 31.15 2.98 3.24 4.14 0.00 0.00 99.83
035 area 5 gt 37.07 0.08 22.00 31.47 2.94 3.40 3.98 0.00 0.00 100.94
035 area 5 gt 37.37 0.12 22.17 31.16 2.99 3.38 3.88 0.00 0.00 101.08
035 area 5 gt 37.22 0.11 21.93 31.23 2.63 3.59 4.01 0.00 0.00 100.73
035 area 5 gt 37.57 0.02 21.87 31.54 2.67 3.60 3.47 0.01 0.02 100.75
035 area 5 gt 36.29 0.01 24.85 27.11 6.21 1.80 2.52 0.17 0.24 99.22
035 area 5 gt 36.97 0.01 22.02 31.66 3.06 3.20 3.17 0.01 0.03 100.12
035 area 5 gt 37.40 0.00 21.93 30.48 3.92 2.90 3.89 0.00 0.05 100.57
035 area 5 gt 38.94 0.03 21.31 28.59 3.89 2.65 3.81 0.09 0.15 99.46
035 area 5 gt 41.93 0.00 19.69 30.22 3.41 3.74 3.75 0.01 0.05 102.81
035 area 6 gt 37.41 0.00 22.35 30.99 2.51 3.55 4.28 0.01 0.00 101.11
035 area 6 gt 40.42 0.00 8.31 30.29 1.82 4.45 3.35 0.04 0.00 88.67
035 area 6 gt 38.70 0.00 22.06 31.61 2.05 4.49 3.75 0.00 0.00 102.66
035 area 6 gt 37.36 0.00 22.08 31.11 2.05 4.33 3.68 0.01 0.00 100.64
035 area 6 gt 37.13 0.00 22.07 31.34 1.93 4.37 3.88 0.01 0.00 100.72
035 area 6 gt 37.63 0.00 22.13 31.17 1.89 4.35 3.87 0.00 0.00 101.03
035 area 6 gt 36.38 0.00 21.84 30.52 1.86 4.13 4.08 0.00 0.00 98.82
035 area 6 gt 37.58 0.01 21.93 31.05 1.90 4.35 4.10 0.00 0.00 100.93
035 area 6 gt 36.60 0.01 24.36 30.78 1.88 4.17 3.90 0.04 0.00 101.75
035 area 6 gt 36.43 0.00 20.30 31.30 1.86 4.14 3.93 0.00 0.01 97.97
035 area 6 gt 37.52 0.00 22.01 31.19 1.94 4.35 3.87 0.00 0.01 100.89
035 area 6 gt 37.76 0.00 22.07 31.10 1.93 4.36 3.74 0.00 0.00 100.97
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Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
035 area 6 gt 37.77 0.00 22.14 31.12 1.94 4.30 3.77 0.00 0.00 101.05
035 area 6 gt 37.90 0.00 22.07 30.93 2.06 4.27 3.84 0.00 0.01 101.08
035 area 6 gt 37.76 0.00 22.08 31.34 2.12 4.12 3.78 0.00 0.00 101.21
035 area 6 gt 37.53 0.00 21.98 31.12 2.25 3.93 3.73 0.02 0.01 100.56
035 area 6 gt 35.45 0.00 22.18 30.43 2.81 3.29 3.59 0.09 0.01 97.86
035 area 6 gt 38.84 0.01 22.67 30.08 4.13 2.88 4.09 0.01 0.06 102.78
035 area 6 gt 37.70 0.01 21.90 30.87 3.54 3.00 3.96 0.01 0.03 101.02
035 area 6 gt 37.91 0.01 21.92 31.04 3.43 3.15 3.96 0.00 0.03 101.46
035 area 6 gt 37.37 0.01 21.86 31.06 3.62 3.02 3.94 0.00 0.01 100.89
035 area 6 gt 37.39 0.00 21.88 30.95 4.12 2.84 3.72 0.00 0.02 100.92
035 area 6 gt 37.26 0.00 21.99 31.14 3.34 3.10 3.92 0.01 0.01 100.76
035 area 6 gt 37.46 0.01 21.47 30.13 4.42 2.66 4.08 0.03 0.03 100.28
035 area 6 gt 37.58 0.00 21.92 31.03 2.95 3.27 4.35 0.00 0.00 101.09
039 area 1  gt35.67 0.01 21.63 29.02 5.58 1.15 7.30 0.02 0.00 100.37
039 area 1  gt36.03 0.00 21.70 29.49 4.40 1.16 7.78 0.02 0.00 100.59
039 area 1  gt36.05 0.02 21.69 30.09 3.35 1.17 8.28 0.04 0.00 100.69
039 area 1  gt36.18 0.03 21.69 30.14 3.23 1.13 8.36 0.03 0.00 100.78
039 area 1  gt36.11 0.04 21.66 29.41 3.21 0.99 9.01 0.03 0.00 100.46
039 area 1  gt36.13 0.15 21.38 29.51 3.25 0.98 9.14 0.04 0.00 100.58
039 area 1  gt35.87 0.19 21.65 29.46 3.37 0.98 9.05 0.04 0.00 100.62
039 area 1  gt36.05 0.03 21.79 29.81 3.34 1.04 8.92 0.03 0.01 101.01
039 area 1  gt35.75 0.03 21.73 29.83 3.29 1.04 8.55 0.04 0.00 100.26
039 area 1  gt36.04 0.02 21.56 29.19 4.14 1.13 8.10 0.02 0.02 100.22
039 area 1  gt35.27 0.02 21.83 28.92 4.31 1.10 8.44 0.03 0.00 99.91
039 area 1  gt35.33 0.03 21.77 30.14 3.01 1.01 8.79 0.04 0.00 100.13
039 area 1  gt35.21 0.05 21.68 29.91 2.92 1.00 8.92 0.04 0.01 99.74
039 area 1  gt35.26 0.04 21.66 29.60 3.16 1.00 8.94 0.04 0.00 99.70
039 area 1  gt35.29 0.03 21.69 29.38 3.36 1.04 8.84 0.05 0.01 99.70
039 area 1  gt14.89 0.00 9.68 14.03 1.76 0.50 34.67 0.04 0.00 75.57
039 area 1  gt35.40 0.02 21.70 29.80 3.99 1.19 7.87 0.03 0.00 100.00
039 area 3  gt36.77 0.06 21.39 30.31 2.26 1.10 8.89 0.03 0.00 100.82
039 area 3  gt36.89 0.01 21.50 30.05 3.34 0.95 8.55 0.02 0.01 101.33
039 area 3  gt36.96 0.06 21.22 28.00 4.57 0.76 9.12 0.03 0.00 100.72
039 area 3  gt37.37 0.12 21.31 27.14 5.46 0.70 9.36 0.04 0.00 101.51
039 area 3  gt37.22 0.11 21.21 27.56 5.71 0.95 8.45 0.04 0.00 101.25
039 area 3  gt37.37 0.08 21.10 28.79 5.40 1.17 7.44 0.01 0.00 101.35
039 area 3  gt37.72 0.09 20.96 28.97 5.65 1.11 7.13 0.01 0.00 101.65
039 area 3  gt36.19 0.01 21.51 28.72 5.82 1.10 7.41 0.02 0.00 100.79
039 area 3  gt36.41 0.19 21.29 25.42 7.55 0.74 8.77 0.02 0.00 100.39
039 area 3  gt36.86 0.12 21.14 25.41 7.41 0.76 8.72 0.03 0.00 100.46
039 area 3  gt36.84 0.11 21.32 26.15 6.78 0.83 8.79 0.02 0.00 100.84
039 area 3  gt36.44 0.11 20.98 25.68 6.72 0.68 9.14 0.03 0.01 99.80
039 area 3  gt36.19 0.08 21.50 27.02 6.10 0.65 9.09 0.03 0.00 100.67
039 area 3  gt35.35 0.10 21.63 27.62 4.94 0.83 9.43 0.04 0.00 99.94
039 area 3  gt36.37 0.06 21.55 28.85 5.08 1.14 7.86 0.03 0.00 100.94
039 area 3  gt36.09 0.07 21.46 28.53 5.41 1.14 7.72 0.01 0.00 100.45
039 area 3  gt36.49 0.05 21.45 28.94 5.36 1.19 7.35 0.01 0.01 100.86
039 area 3  gt35.65 0.03 21.86 29.00 5.64 1.26 6.95 0.03 0.00 100.43
039 area 3  gt35.70 0.01 21.91 28.86 5.14 1.15 7.62 0.03 0.00 100.43
039 area 3  gt35.64 0.07 21.56 29.59 3.38 0.95 8.83 0.03 0.00 100.05
039 area 4  gt35.81 0.03 21.81 31.77 1.18 1.23 9.04 0.02 0.00 100.89
039 area 4  gt35.60 0.06 21.70 30.18 3.54 1.08 8.41 0.03 0.00 100.61
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Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
039 area 4  gt35.62 0.09 21.57 28.74 4.88 0.98 8.40 0.02 0.00 100.30
039 area 4  gt35.71 0.10 21.58 27.77 5.44 0.82 8.98 0.02 0.00 100.41
039 area 4  gt35.20 0.07 21.63 28.24 5.36 1.07 8.34 0.02 0.00 99.94
039 area 4  gt35.65 0.04 21.35 29.36 5.49 1.26 7.18 0.01 0.00 100.35
039 area 4  gt35.27 0.09 21.37 28.65 5.89 1.16 7.10 0.01 0.00 99.54
039 area 4  gt35.21 0.09 21.53 28.94 5.26 1.24 7.66 0.01 0.00 99.94
039 area 4  gt35.20 0.06 21.77 27.16 5.98 1.04 8.57 0.01 0.00 99.78
039 area 4  gt34.85 0.12 21.44 27.91 5.78 1.11 7.86 0.01 0.00 99.08
039 area 4  gt34.89 0.11 21.49 28.18 5.88 1.07 8.02 0.02 0.00 99.66
039 area 4  gt35.14 0.11 21.60 28.78 5.28 1.19 7.96 0.02 0.00 100.08
039 area 4  gt35.28 0.07 21.29 28.16 6.31 1.13 7.17 0.02 0.00 99.43
039 area 4  gt35.63 0.11 21.44 27.55 6.31 1.01 8.14 0.02 0.00 100.20
039 area 4  gt36.04 0.06 21.57 29.24 5.32 1.17 7.37 0.02 0.00 100.80
039 area 4  gt35.74 0.02 21.69 28.74 5.34 1.22 7.57 0.01 0.00 100.34
039 area 4  gt35.94 0.12 21.34 26.83 6.23 1.01 8.40 0.01 0.00 99.88
039 area 4  gt35.88 0.11 21.36 27.32 5.89 0.98 8.45 0.02 0.00 100.02
039 area 4  gt35.59 0.14 21.56 27.07 5.66 1.04 8.75 0.02 0.00 99.84
039 area 4  gt35.38 0.08 21.59 28.72 4.94 1.22 7.99 0.03 0.00 99.97
039 area 4  gt35.12 0.06 21.60 29.18 4.76 1.25 7.65 0.02 0.00 99.65
039 area 4  gt35.81 0.07 21.42 28.81 4.91 1.27 7.55 0.02 0.00 99.88
039 area 8  gt37.40 0.04 21.59 28.22 1.72 1.57 10.81 0.00 0.00 101.35
039 area 8  gt36.84 0.05 21.67 29.09 1.12 1.44 10.84 0.01 0.00 101.07
039 area 8  gt36.66 0.03 21.62 29.31 1.01 1.36 10.47 0.01 0.00 100.47
039 area 8  gt36.60 0.03 21.68 29.64 1.10 1.40 10.33 0.01 0.00 100.80
039 area 8  gt36.58 0.04 21.63 29.70 1.07 1.36 10.33 0.02 0.00 100.73
039 area 8  gt36.60 0.04 21.68 29.91 1.13 1.29 10.30 0.02 0.00 100.96
039 area 8  gt36.61 0.06 21.61 29.88 1.14 1.24 10.18 0.02 0.00 100.74
039 area 8  gt36.88 0.03 21.59 29.83 1.16 1.35 10.34 0.01 0.00 101.19
039 area 8  gt36.69 0.04 21.64 29.59 1.18 1.28 10.31 0.02 0.00 100.75
039 area 8  gt36.60 0.04 21.65 29.37 1.38 1.24 10.32 0.01 0.00 100.61
039 area 8  gt36.79 0.06 21.53 29.91 1.17 1.26 10.24 0.02 0.00 100.97
039 area 8  gt36.65 0.03 21.67 30.37 1.22 1.25 9.89 0.01 0.00 101.09
039 area 8  gt36.98 0.03 21.51 29.66 1.30 1.34 10.09 0.01 0.00 100.93
039 area 8  gt37.68 0.04 21.56 29.88 1.23 1.31 10.09 0.00 0.00 101.80
039 area 8  gt37.36 0.04 21.52 29.95 1.18 1.34 9.99 0.02 0.00 101.38
039 area 8  gt37.71 0.03 21.39 29.55 1.16 1.41 10.19 0.01 0.00 101.46
039 area 8  gt35.83 0.02 21.89 28.41 1.83 1.44 10.69 0.00 0.00 100.11
039 area 8  gt36.32 0.03 21.82 27.79 2.21 1.52 10.97 0.02 0.00 100.67
039 area 8  gt35.91 0.01 21.89 25.29 4.14 1.22 11.40 0.02 0.00 99.89
039 area 8  gt36.29 0.04 21.91 28.82 1.13 1.47 10.92 0.01 0.00 100.60
039 area 8  gt36.28 0.03 21.88 27.80 1.59 1.36 11.49 0.02 0.01 100.46
039 area 8  gt35.53 0.02 21.97 28.93 1.11 1.45 10.90 0.01 0.01 99.93
039 area 8  gt35.67 0.05 21.84 29.20 1.13 1.40 10.91 0.01 0.00 100.20
039 area 8  gt large37.23 0.01 21.56 24.94 4.29 0.97 11.95 0.00 0.00 100.95
039 area 8  gt large36.55 0.06 21.73 23.91 3.05 1.15 13.78 0.00 0.00 100.22
039 area 8  gt large36.41 0.03 21.82 27.18 1.58 1.61 12.09 0.01 0.00 100.74
039 area 8  gt large36.10 0.06 21.63 26.18 1.95 1.52 12.12 0.00 0.01 99.55
039 area 8  gt large37.92 0.05 21.95 21.98 1.87 1.99 14.80 0.00 0.01 100.57
039 area 8  gt large36.44 0.06 22.06 20.91 2.86 1.87 15.80 0.00 0.00 100.00
039 area 8  gt large36.94 0.08 21.77 20.21 2.81 2.00 16.03 0.00 0.00 99.85
039 area 8  gt large36.92 0.07 21.83 22.27 2.87 1.38 15.05 0.00 0.02 100.40
039 area 8  gt large36.89 0.08 21.99 20.73 2.43 2.06 15.85 0.00 0.00 100.04
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Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
039 area 8  gt large37.68 0.07 21.78 19.91 3.03 2.15 15.64 0.00 0.00 100.28
039 area 8  gt large37.30 0.08 21.80 21.52 2.57 1.59 15.48 0.00 0.00 100.34
039 area 8  gt large37.66 0.10 21.67 22.35 2.66 1.41 15.18 0.00 0.00 101.03
039 area 8  gt large36.93 0.07 21.97 21.05 3.00 1.71 15.58 0.00 0.00 100.30
039 area 8  gt large36.43 0.04 22.07 20.98 2.76 1.70 16.03 0.01 0.00 100.02
039 area 8  gt large37.79 0.02 21.70 23.67 2.23 1.43 14.15 0.00 0.00 100.98
039 area 8  gt large0.00 0.00 0.00 0.05 0.04 0.01 55.02 0.00 0.00 55.12
039 area 8  gt large22.52 0.09 20.42 32.48 0.86 7.07 0.09 0.00 0.03 83.56
039 area 8  gt large37.45 0.04 21.56 23.98 2.57 1.22 14.00 0.00 0.01 100.82
039 area 8  gt large0.00 0.00 0.00 0.10 0.02 0.00 55.57 0.02 0.00 55.72
044 area 3  gt36.20 0.00 21.44 34.26 3.40 1.51 4.33 0.00 0.00 101.16
044 area 3  gt36.34 0.00 21.44 34.96 3.10 1.66 3.75 0.00 0.00 101.27
044 area 3  gt97.24 0.00 0.00 0.47 0.05 0.00 0.01 0.00 0.00 97.78
044 area 3  gt36.40 0.00 21.27 34.55 3.03 1.69 4.42 0.00 0.00 101.36
044 area 3  gt36.30 0.00 21.20 34.24 3.67 1.44 4.00 0.01 0.01 100.88
044 area 3  gt36.39 0.00 21.43 34.30 3.57 1.40 3.91 0.00 0.01 101.00
044 area 3  gt36.33 0.00 21.39 34.36 3.52 1.47 3.92 0.00 0.00 101.00
044 area 3  gt36.14 0.00 21.30 34.38 4.01 1.29 3.84 0.00 0.01 100.97
044 area 3  gt35.95 0.00 21.42 33.75 4.36 1.18 4.19 0.01 0.00 100.85
044 area 3  gt36.32 0.01 21.26 34.35 3.93 1.41 4.15 0.01 0.00 101.44
044 area 5  gt35.37 0.00 21.22 33.06 4.19 1.26 4.60 0.01 0.00 99.71
044 area 5  gt35.03 0.00 21.26 34.35 3.35 1.54 4.24 0.01 0.00 99.78
044 area 5  gt35.27 0.00 21.29 34.77 3.24 1.59 4.17 0.01 0.00 100.33
044 area 5  gt35.28 0.00 21.46 34.48 3.22 1.59 4.32 0.01 0.00 100.38
044 area 5  gt34.98 0.00 21.51 34.57 3.13 1.59 4.09 0.01 0.00 99.88
044 area 5  gt34.87 0.00 21.56 34.17 3.18 1.58 4.52 0.01 0.00 99.88
044 area 5  gt34.72 0.00 21.32 33.72 3.39 1.49 4.59 0.00 0.00 99.24
044 area 5  gt34.93 0.00 21.38 33.19 4.39 1.14 4.51 0.00 0.03 99.59
044 area 5  gt34.67 0.00 21.25 33.67 4.10 1.34 4.50 0.01 0.00 99.55
044 area 5  gt34.92 0.00 21.55 33.95 3.89 1.27 4.05 0.01 0.01 99.64
044 area 5  gt35.05 0.01 21.46 34.41 3.58 1.48 3.98 0.00 0.01 99.98
044 area 8  gt35.42 0.00 21.48 34.99 2.96 1.62 4.11 0.00 0.00 100.59
044 area 8  gt35.61 0.00 21.49 35.03 2.66 1.73 4.12 0.00 0.00 100.64
044 area 8  gt35.82 0.00 21.33 35.13 2.92 1.66 3.98 0.00 0.00 100.85
044 area 8  gt35.58 0.00 21.42 35.10 2.63 1.75 4.10 0.00 0.00 100.58
044 area 8  gt35.63 0.00 21.34 35.10 2.70 1.74 4.08 0.00 0.00 100.60
044 area 8  gt35.67 0.01 21.20 34.93 2.76 1.61 4.05 0.00 0.00 100.22
044 area 8  gt35.84 0.00 21.39 34.08 3.51 1.36 4.40 0.01 0.01 100.60
044 area 8  gt35.55 0.00 21.41 34.69 2.79 1.60 4.15 0.00 0.02 100.20
044 area 8  gt35.81 0.00 21.41 34.82 2.78 1.60 4.27 0.00 0.02 100.71
044 area 8  gt35.73 0.00 21.42 34.05 3.08 1.52 4.52 0.00 0.01 100.35
044 area 8  gt35.63 0.01 21.32 35.15 2.76 1.60 4.07 0.00 0.02 100.56
044 area 8  gt35.65 0.01 21.33 34.82 2.77 1.60 4.14 0.00 0.02 100.36
044 area 8  gt35.40 0.00 21.44 34.72 2.83 1.62 4.39 0.00 0.00 100.39
044 area 8  gt35.79 0.00 21.37 34.22 3.21 1.55 4.33 0.00 0.00 100.47
044 area 8  gt35.76 0.00 21.28 34.55 3.42 1.44 4.29 0.00 0.00 100.75
044 area 8  gt35.92 0.00 21.27 34.63 3.12 1.46 4.25 0.00 0.00 100.66
044 area 8  gt35.87 0.01 21.28 34.76 3.18 1.49 4.05 0.00 0.00 100.65
046 area 2 gar36.40 0.00 20.78 37.76 1.21 2.77 1.18 0.00 0.00 100.09
046 area 2 gar36.39 0.00 20.78 37.63 1.16 2.53 1.27 0.00 0.01 99.77
046 area 2 gar36.31 0.00 20.87 37.61 1.23 2.78 1.11 0.00 0.00 99.93
046 area 2 gar36.48 0.00 20.95 37.75 1.24 2.71 1.10 0.01 0.02 100.25
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046 area 2 gar36.43 0.00 20.82 37.80 1.27 2.70 1.19 0.00 0.01 100.23
046 area 2 gar36.49 0.00 20.85 37.52 1.25 2.82 1.12 0.00 0.00 100.05
046 area 2 gar36.76 0.00 20.76 37.66 1.20 2.82 1.21 0.00 0.01 100.42
046 area 2 gar36.59 0.00 21.41 37.89 1.23 2.70 1.11 0.01 0.01 100.96
046 area 2 gar36.15 0.00 20.74 37.83 1.22 2.67 1.31 0.00 0.00 99.93
046 area 2 gar35.70 0.00 20.95 37.58 1.70 2.41 1.26 0.00 0.01 99.62
046 area 2 gar35.72 0.00 21.04 37.56 1.08 2.85 1.37 0.00 0.00 99.62
046 area 2 gar35.56 0.00 21.01 37.44 1.09 2.91 1.26 0.00 0.00 99.27
046 area 2 gar35.71 0.00 21.00 37.55 1.14 2.86 1.24 0.00 0.00 99.50
046 area 2 gar35.69 0.00 20.95 37.41 1.48 2.59 1.33 0.00 0.00 99.45
046 area 2 gar38.08 0.00 22.10 37.64 2.25 2.20 1.10 0.02 0.04 103.43
046 area 2 gar36.11 0.00 20.83 37.09 3.44 1.38 1.20 0.00 0.04 100.07
046 area 2 gar36.16 0.00 20.91 37.83 1.64 2.44 1.29 0.01 0.01 100.29
046 area 2 gar36.11 0.02 20.67 37.57 1.99 2.22 1.44 0.01 0.01 100.03
046 area 2 gar35.96 0.01 20.58 37.88 1.81 2.14 1.34 0.00 0.01 99.73
046 area 2 gar35.90 0.09 21.03 37.77 2.14 2.04 1.26 0.00 0.00 100.24
046 area 2 gar36.30 0.00 20.76 37.65 1.47 2.54 1.32 0.01 0.00 100.06
046 area 2 gar36.37 0.00 20.93 37.74 1.60 2.33 1.35 0.01 0.02 100.36
046 area 3 gar35.60 0.00 20.79 37.32 2.01 2.18 1.31 0.00 0.01 99.22
046 area 3 gar35.83 0.00 20.83 37.39 1.87 2.36 1.15 0.00 0.00 99.43
046 area 3 gar36.07 0.00 20.74 37.57 1.86 2.34 1.21 0.00 0.01 99.80
046 area 3 gar36.52 0.00 20.77 37.82 1.94 2.29 1.19 0.01 0.00 100.54
046 area 3 gar36.16 0.00 20.90 37.48 2.21 2.05 1.12 0.01 0.01 99.93
046 area 3 gar38.32 0.00 19.85 37.14 2.22 2.39 1.17 0.02 0.03 101.12
046 area 3 gar35.66 0.00 20.90 37.73 2.10 2.14 1.08 0.00 0.00 99.61
046 area 3 gar35.75 0.00 20.87 37.75 2.10 2.07 1.21 0.01 0.00 99.75
046 area 3 gar35.97 0.00 20.65 38.10 2.30 2.04 1.15 0.00 0.00 100.22
046 area 5 gar36.38 0.00 20.88 37.27 1.46 2.67 1.52 0.00 0.01 100.19
046 area 5 gar36.34 0.01 20.81 37.58 1.47 2.62 1.54 0.00 0.03 100.40
046 area 5 gar36.41 0.00 20.96 37.41 1.48 2.71 1.56 0.00 0.01 100.55
046 area 5 gar36.60 0.00 20.93 37.56 1.45 2.73 1.50 0.00 0.01 100.79
046 area 5 gar36.48 0.00 20.70 37.29 1.47 2.69 1.69 0.00 0.01 100.33
046 area 5 gar36.65 0.00 20.99 37.48 1.43 2.71 1.58 0.00 0.01 100.86
046 area 5 gar35.57 0.00 20.79 37.25 1.62 2.58 1.41 0.00 0.00 99.23
046 area 5 gar35.82 0.01 20.96 37.24 1.51 2.79 1.46 0.00 0.00 99.80
046 area 5 gar35.59 0.00 21.08 37.03 1.43 2.89 1.57 0.00 0.00 99.58
046 area 5 gar35.56 0.00 21.03 37.05 1.57 2.79 1.50 0.00 0.00 99.50
046 area 5 gar35.72 0.00 21.07 37.19 1.58 2.86 1.46 0.00 0.00 99.88
046 area 5 gar36.13 0.00 20.99 36.98 1.53 2.81 1.54 0.00 0.00 99.97
046 area 5 gar36.11 0.00 20.92 37.07 1.40 2.89 1.47 0.01 0.00 99.87
046 area 5 gar36.55 0.00 20.98 37.56 1.47 2.86 1.30 0.00 0.01 100.74
046 area 5 gar36.39 0.00 21.12 37.47 1.41 2.85 1.47 0.00 0.01 100.72
046 area 5 gar36.69 0.00 21.21 37.93 1.41 2.67 1.37 0.00 0.00 101.28
046 area 5 gar235.89 0.00 20.92 37.62 1.92 2.20 1.55 0.00 0.00 100.11
046 area 5 gar235.99 0.00 20.99 37.49 1.70 2.34 1.46 0.01 0.01 99.99
046 area 5 gar236.20 0.00 21.01 37.66 1.61 2.45 1.55 0.00 0.00 100.49
046 area 5 gar235.50 0.00 21.08 37.66 1.90 2.29 1.44 0.00 0.02 99.87
046 area 5 gar235.79 0.00 21.44 37.79 1.70 2.41 1.52 0.01 0.02 100.68
046 area 5 gar235.81 0.00 20.76 37.68 2.34 1.99 1.39 0.00 0.03 100.00
048 area 1 gt  8.86 0.06 3.36 2.88 0.03 0.39 0.05 0.13 0.66 16.43
048 area 1 gt   36.37 0.01 21.84 36.26 0.50 2.87 1.83 0.00 0.00 99.69
048 area 1 gt  27.35 0.00 25.00 34.50 0.48 1.67 1.60 0.06 0.07 90.73
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048 area 1 gt  36.49 0.00 22.01 36.30 0.55 3.06 1.98 0.00 0.00 100.38
048 area 1 gt  36.52 0.00 21.98 36.55 0.56 3.08 1.92 0.00 0.00 100.62
048 area 1 gt  36.25 0.00 21.83 36.31 0.56 3.02 1.93 0.00 0.00 99.90
048 area 1 gt  36.65 0.00 21.95 36.52 0.59 3.04 1.98 0.00 0.00 100.73
048 area 1 gt  36.43 0.00 21.91 36.43 0.58 3.07 1.95 0.00 0.00 100.38
048 area 1 gt  36.66 0.01 22.00 36.48 0.56 3.01 1.93 0.00 0.00 100.64
048 area 1 gt  36.60 0.00 21.92 36.41 0.58 3.07 1.97 0.00 0.00 100.55
048 area 1 gt  36.64 0.00 22.41 36.23 0.54 3.11 1.96 0.00 0.00 100.90
048 area 2 gt 34.46 0.00 21.70 36.84 0.60 3.07 1.85 0.00 0.00 98.52
048 area 2 gt 34.77 0.00 21.91 36.55 0.61 3.11 1.86 0.00 0.00 98.82
048 area 2 gt 35.36 0.00 21.95 36.59 0.59 3.16 1.95 0.00 0.00 99.60
048 area 2 gt 35.46 0.00 21.83 36.66 0.61 3.09 1.82 0.00 0.00 99.48
048 area 2 gt 35.54 0.00 21.89 36.83 0.61 3.10 1.81 0.00 0.00 99.80
048 area 2 gt 35.65 0.00 22.25 36.70 0.60 3.11 1.81 0.00 0.00 100.14
048 area 2 gt 35.73 0.00 22.03 37.17 0.56 3.11 1.78 0.00 0.00 100.39
048 area 2 gt 35.61 0.00 22.06 36.71 0.49 2.63 2.14 0.00 0.01 99.65
048 area 2 gt 36.43 0.00 21.87 36.72 0.59 2.80 2.00 0.00 0.01 100.41
048 area 2 gt 36.43 0.00 21.99 36.81 0.58 2.79 1.94 0.00 0.00 100.55
048 area 2 gt 36.47 0.00 21.99 36.93 0.57 2.73 1.97 0.00 0.01 100.67
048 area 2 gt 36.34 0.00 21.92 36.63 0.62 2.78 1.99 0.00 0.00 100.27
048 area 2 gt 36.38 0.00 22.17 36.36 0.54 2.80 2.04 0.00 0.01 100.30
048 area 2 gt 36.32 0.00 22.17 36.86 0.58 2.82 1.82 0.00 0.00 100.57
048 area 2 gt 35.94 0.00 21.64 35.70 0.53 2.77 1.81 0.01 0.04 98.45
048 area 2 gt 36.22 0.00 22.07 36.89 0.54 2.76 1.93 0.00 0.00 100.42
048 area 2 gt 36.38 0.00 21.89 36.99 0.50 2.58 1.93 0.00 0.01 100.28
048 area 2 gt 36.02 0.00 21.94 36.88 0.59 2.93 1.96 0.00 0.00 100.32
048 area 2 gt 34.50 0.00 21.81 37.00 0.58 2.93 1.90 0.00 0.00 98.71
048 area 2 gt 34.54 0.00 21.85 36.84 0.57 3.06 1.85 0.00 0.00 98.73
048 area 2 gt 34.81 0.00 21.78 37.06 0.59 3.00 1.85 0.00 0.00 99.09
048 area 2 gt 34.98 0.00 21.78 37.27 0.55 2.96 1.89 0.00 0.00 99.43
048 area 2 gt 34.79 0.00 21.78 36.88 0.54 2.80 1.93 0.00 0.00 98.72
048 area 2 gt 34.01 0.00 21.64 36.86 0.55 2.89 1.94 0.00 0.01 97.90
048 area 2 gt 34.03 0.00 21.76 36.85 0.55 2.82 1.89 0.00 0.01 97.91
048 area 2 gt 34.40 0.00 21.83 37.21 0.53 2.80 2.00 0.00 0.01 98.77
048 area 3 gt 34.61 0.00 21.95 36.89 0.62 2.99 1.94 0.00 0.00 99.01
048 area 3 gt 34.58 0.00 21.74 36.93 0.61 3.13 1.88 0.00 0.00 98.88
048 area 3 gt 33.63 0.00 21.62 37.15 0.62 3.00 1.95 0.00 0.00 97.98
048 area 3 gt 33.85 0.00 21.64 37.35 0.60 2.96 2.00 0.00 0.01 98.41
048 area 3 gt 33.49 0.00 21.73 37.04 0.60 3.00 1.95 0.00 0.00 97.80
048 area 3 gt 33.15 0.00 21.70 36.94 0.63 3.14 1.99 0.00 0.01 97.57
048 area 3 gt 32.79 0.00 21.47 36.94 0.60 3.17 2.00 0.00 0.00 96.98
048 area 3 gt 32.70 0.00 21.48 37.38 0.65 3.20 1.90 0.00 0.00 97.30
048 area 3 gt 32.11 0.00 21.28 37.16 0.61 3.16 1.89 0.00 0.00 96.21
048 area 3 gt 31.96 0.00 21.28 37.23 0.61 3.17 1.98 0.00 0.00 96.23
048 area 3 gt 31.60 0.00 21.30 37.38 0.58 2.94 1.87 0.00 0.00 95.68
048 area 3 gt 32.67 0.01 21.55 37.33 0.64 2.71 1.95 0.00 0.01 96.87
048 area 3 gt 33.20 0.01 21.53 37.38 0.65 2.83 1.99 0.00 0.02 97.61
048 area 3 gt 33.61 0.01 21.74 37.36 0.63 2.91 1.98 0.00 0.01 98.25
048 area 3 gt 33.59 0.00 21.77 37.61 0.64 2.82 1.92 0.00 0.00 98.37
048 area 3 gt 33.82 0.01 21.56 37.23 0.61 2.71 1.96 0.00 0.00 97.89
048 area 3 gt 33.83 0.01 21.47 37.12 0.60 2.81 1.96 0.00 0.01 97.82
048 area 3 gt 33.69 0.00 21.47 36.89 0.61 3.02 1.93 0.00 0.01 97.61
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048 area 3 gt 33.20 0.00 21.54 37.17 0.60 2.94 1.95 0.00 0.00 97.41
048 area 3 gt 34.21 0.00 21.83 37.05 0.54 2.97 1.89 0.00 0.01 98.51
048 area 3 gt 34.43 0.00 21.72 37.44 0.55 2.88 1.90 0.00 0.01 98.93
048 area 3 gt 33.90 0.00 21.87 37.26 0.55 2.92 2.00 0.01 0.00 98.52
048 area 3 gt 33.37 0.00 21.76 37.11 0.56 2.98 1.97 0.00 0.00 97.74
048 area 3 gt 34.62 0.00 21.51 36.60 0.54 2.87 2.02 0.00 0.00 98.17
048 area 3 gt 34.24 0.00 21.55 36.82 0.52 2.69 1.95 0.00 0.01 97.79
048 area 3 gt 34.20 0.00 21.51 36.55 0.55 2.96 1.86 0.00 0.01 97.65
048 area 3 gt 34.38 0.00 21.50 36.62 0.60 3.08 1.77 0.00 0.00 97.95
048 area 3 gt 34.02 0.00 21.44 36.29 0.64 3.11 2.09 0.00 0.00 97.58
048 area 3 gt 34.21 0.00 21.33 36.33 0.62 3.10 1.91 0.00 0.00 97.51
048 area 3 gt 34.08 0.00 21.49 36.50 0.61 3.18 1.90 0.00 0.00 97.75
048 area 3 gt 33.72 0.00 21.43 36.70 0.61 2.98 1.89 0.00 0.01 97.33
048 area 3 gt 33.73 0.00 21.41 36.63 0.60 2.85 1.95 0.00 0.01 97.17
048 area 3 gt 33.19 0.00 21.37 36.49 0.60 2.79 1.92 0.00 0.01 96.37
048 area 3 gt 33.11 0.00 21.33 36.51 0.62 2.87 1.98 0.00 0.00 96.42
048 area 3 gt 33.04 0.00 21.07 36.32 0.67 3.00 1.96 0.00 0.00 96.06
048 area 3 gt 32.81 0.00 21.21 36.45 0.64 3.02 1.91 0.00 0.00 96.05
048 area 3 gt 32.59 0.00 21.04 36.25 0.64 3.10 1.86 0.00 0.00 95.48
048 area 3 gt 32.08 0.00 21.13 36.22 0.60 3.12 1.85 0.00 0.00 95.00
048 area 3 gt 32.09 0.00 21.04 36.13 0.62 3.19 1.86 0.00 0.00 94.93
048 area 3 gt 31.85 0.00 20.84 36.21 0.60 3.18 1.92 0.00 0.00 94.60
048 area 3 gt 31.83 0.00 20.95 36.36 0.60 3.19 1.75 0.00 0.00 94.69
048 area 3 gt 31.51 0.00 20.86 36.56 0.56 2.97 1.78 0.00 0.00 94.25
048 area 3 gt 31.34 0.00 20.67 36.52 0.57 2.97 1.90 0.00 0.00 93.98
048 area 3 gt 31.41 0.00 20.88 36.59 0.51 2.86 1.81 0.00 0.00 94.07
048 area 3 gt 31.65 0.00 20.99 36.59 0.54 2.91 1.85 0.00 0.00 94.54
048 area 3 gt 31.59 0.00 20.80 36.61 0.56 2.89 1.90 0.00 0.00 94.35
048 area 3 gt 31.70 0.00 20.94 36.83 0.58 2.87 1.89 0.00 0.00 94.80
048 area 3 gt 34.49 0.00 21.45 36.56 0.61 2.92 1.96 0.00 0.00 98.00
048 area 3 gt 34.46 0.00 21.40 36.64 0.64 3.08 1.94 0.00 0.00 98.18
048 area 3 gt 34.70 0.00 21.32 36.69 0.62 2.89 1.91 0.00 0.01 98.15
048 area 3 gt 34.49 0.01 21.33 36.64 0.63 2.99 1.88 0.00 0.01 97.98
048 area 3 gt 34.46 0.00 21.45 36.54 0.63 2.86 1.93 0.00 0.01 97.88
048 area 3 gt 34.75 0.00 21.56 36.57 0.61 2.87 1.96 0.00 0.01 98.33
048 area 3 gt 34.58 0.00 21.75 36.92 0.53 2.64 1.89 0.01 0.01 98.33
048 area 3 gt 35.02 0.00 21.83 36.48 0.56 2.79 1.92 0.00 0.00 98.60
048 area 3 gt 35.33 0.00 21.74 36.38 0.55 2.84 2.00 0.00 0.01 98.83
048 area 3 gt 33.71 0.00 21.47 36.89 0.55 2.81 1.79 0.00 0.00 97.21
048 area 3 gt 34.46 0.00 21.51 36.78 0.53 2.72 1.94 0.00 0.00 97.95
048 area 3 gt 34.26 0.00 21.54 36.55 0.55 2.83 1.97 0.00 0.00 97.71
048 area 6 gt 35.22 0.00 22.02 37.09 0.54 2.64 2.11 0.00 0.02 99.65
048 area 6 gt 35.37 0.00 21.85 36.99 0.58 3.00 1.87 0.00 0.01 99.68
048 area 6 gt 35.02 0.00 21.79 37.46 0.58 2.99 1.91 0.00 0.01 99.76
048 area 6 gt 34.61 0.00 21.86 37.24 0.52 3.02 2.00 0.00 0.00 99.26
048 area 6 gt 34.53 0.00 21.76 37.40 0.57 2.99 1.94 0.00 0.00 99.19
048 area 6 gt 34.30 0.00 21.69 37.70 0.58 2.72 1.96 0.00 0.02 98.97
048 area 6 gt 34.51 0.01 21.67 37.88 0.55 2.70 1.88 0.00 0.02 99.22
048 area 6 gt 34.39 0.01 21.71 37.89 0.56 2.57 1.91 0.00 0.02 99.05
048 area 6 gt 34.30 0.00 21.57 37.69 0.58 2.54 1.95 0.00 0.03 98.66
048 area 6 gt 36.46 0.00 22.90 36.93 0.54 3.07 1.87 0.03 0.03 101.82
048 area 6 gt 34.18 0.00 21.61 37.45 0.53 2.78 1.87 0.00 0.01 98.43
131
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
048 area 6 gt 35.49 0.01 21.90 37.11 0.54 2.88 1.97 0.00 0.01 99.91
048 area 6 gt 35.08 0.00 21.87 37.10 0.53 2.95 1.84 0.00 0.01 99.38
048 area 6 gt 35.09 0.01 21.96 37.40 0.57 3.05 1.80 0.00 0.01 99.90
048 area 6 gt 34.86 0.00 21.96 37.56 0.56 2.84 1.87 0.00 0.02 99.65
048 area 9 gt 33.02 0.00 21.56 37.09 0.56 3.05 2.03 0.00 0.00 97.32
048 area 9 gt 33.27 0.00 21.62 36.78 0.60 3.14 1.88 0.00 0.00 97.30
048 area 9 gt 33.34 0.00 21.63 36.82 0.63 3.19 1.91 0.00 0.00 97.53
048 area 9 gt 33.78 0.00 21.50 36.98 0.64 3.08 1.94 0.00 0.00 97.92
048 area 9 gt 34.26 0.00 21.59 37.46 0.60 3.03 1.96 0.00 0.01 98.90
048 area 9 gt 34.40 0.00 21.72 37.07 0.60 3.05 1.92 0.00 0.00 98.76
048 area 9 gt 34.93 0.00 21.74 36.82 0.60 3.01 1.99 0.00 0.00 99.09
048 area 9 gt 34.86 0.00 21.83 37.34 0.61 3.06 1.93 0.00 0.01 99.64
048 area 9 gt 34.84 0.00 21.90 37.23 0.56 2.85 1.92 0.00 0.01 99.31
048 area 9 gt 35.00 0.00 21.87 37.09 0.53 2.69 2.08 0.00 0.01 99.26
048 area 9 gt 35.03 0.00 21.81 37.09 0.52 2.71 2.08 0.00 0.00 99.23
048 area 9 gt 34.88 0.00 21.93 37.13 0.53 2.68 2.11 0.00 0.00 99.26
048 area 9 gt 34.84 0.00 21.99 37.35 0.52 2.72 1.86 0.00 0.01 99.28
048 area 9 gt 35.44 0.00 21.95 37.34 0.53 2.79 1.99 0.00 0.00 100.05
048 area 9 gt 35.12 0.00 21.97 37.38 0.48 2.83 1.87 0.00 0.02 99.67
051 area 1  gt36.57 0.00 21.14 32.98 5.61 2.41 1.64 0.01 0.01 100.38
051 area 1  gt36.77 0.00 21.18 33.12 5.56 2.47 1.63 0.01 0.00 100.73
051 area 1  gt37.00 0.00 21.12 33.17 5.64 2.51 1.56 0.00 0.00 100.99
051 area 1  gt35.81 0.00 21.54 33.26 5.59 2.55 1.62 0.01 0.00 100.38
051 area 1  gt35.89 0.00 21.39 33.10 5.57 2.48 1.63 0.01 0.00 100.07
051 area 1  gt36.15 0.01 21.42 33.16 5.75 2.34 1.64 0.00 0.01 100.49
051 area 1  gt36.41 0.01 21.41 33.43 5.42 2.58 1.59 0.01 0.00 100.86
051 area 1  gt35.88 0.00 21.40 33.20 5.29 2.57 1.58 0.01 0.00 99.93
051 area 1  gt36.48 0.00 21.31 33.14 5.68 2.46 1.60 0.00 0.00 100.67
051 area 1  gt36.07 0.01 21.34 33.51 5.37 2.52 1.61 0.01 0.00 100.45
051 area 1  gt36.30 0.00 21.24 33.57 5.35 2.61 1.62 0.01 0.00 100.72
051 area 1  gt36.52 0.00 21.17 33.38 5.34 2.51 1.61 0.00 0.00 100.54
051 area 1  gt36.21 0.00 21.33 33.14 5.49 2.53 1.53 0.01 0.01 100.24
051 area 1  gt36.46 0.01 21.14 32.91 6.01 2.26 1.59 0.00 0.01 100.39
051 area 1  gt36.44 0.00 21.31 33.14 5.68 2.37 1.56 0.00 0.01 100.49
051 area 2  gt36.78 0.01 21.18 33.73 4.43 2.74 1.80 0.00 0.00 100.66
051 area 2  gt36.63 0.00 21.33 34.05 4.27 2.95 1.87 0.00 0.00 101.09
051 area 2  gt36.09 0.00 21.34 33.47 4.16 3.03 2.09 0.01 0.00 100.19
051 area 2  gt36.38 0.02 21.37 33.61 4.05 3.08 2.19 0.01 0.00 100.71
051 area 2  gt36.53 0.01 21.35 33.88 3.88 3.11 2.15 0.00 0.00 100.90
051 area 2  gt36.29 0.02 21.32 33.57 3.89 3.17 2.07 0.01 0.00 100.34
051 area 2  gt36.34 0.01 21.43 33.54 3.92 3.18 2.04 0.01 0.00 100.48
051 area 2  gt36.10 0.00 21.36 33.77 4.10 3.11 1.78 0.00 0.00 100.23
051 area 2  gt36.31 0.00 21.51 34.02 4.14 3.10 1.70 0.00 0.00 100.78
051 area 2  gt36.33 0.00 21.45 33.85 4.02 3.28 1.68 0.00 0.00 100.62
051 area 2  gt36.17 0.01 21.41 33.73 4.11 3.26 1.72 0.02 0.00 100.43
051 area 2  gt35.93 0.00 21.46 34.12 3.99 3.31 1.71 0.01 0.00 100.53
051 area 2  gt35.98 0.00 21.59 33.66 4.04 3.32 1.61 0.01 0.00 100.21
051 area 2  gt35.93 0.00 21.63 33.49 4.11 3.30 1.61 0.01 0.00 100.09
051 area 2  gt lengthwise36.72 0.00 21.43 33.82 4.11 3.26 1.82 0.01 0.00 101.17
051 area 2  gt lengthwise36.69 0.01 21.33 33.85 3.98 3.22 2.00 0.00 0.00 101.08
051 area 2  gt lengthwise36.44 0.00 21.49 33.71 4.06 3.26 1.91 0.01 0.00 100.88
051 area 2  gt lengthwise36.56 0.00 21.35 33.91 3.83 3.46 1.70 0.00 0.00 100.80
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051 area 2  gt lengthwise37.01 0.00 21.35 33.82 4.04 3.25 1.66 0.00 0.00 101.11
051 area 2  gt lengthwise36.93 0.00 21.30 33.70 3.97 3.26 1.86 0.00 0.00 101.03
051 area 2  gt lengthwise36.18 0.00 21.41 34.11 4.16 3.09 1.63 0.01 0.00 100.60
051 area 2  gt lengthwise36.38 0.01 21.36 33.77 4.10 3.32 1.78 0.00 0.00 100.72
051 area 2  gt lengthwise36.54 0.00 21.12 33.45 4.40 2.98 1.66 0.01 0.00 100.16
052 area 2 gt 34.81 0.00 21.37 35.46 3.68 1.90 1.29 0.01 0.00 98.52
052 area 2 gt 34.97 0.00 21.43 35.88 3.61 2.06 1.15 0.01 0.00 99.12
052 area 2 gt 35.02 0.00 21.33 35.73 3.17 2.35 1.29 0.00 0.01 98.90
052 area 2 gt 35.18 0.00 21.52 36.52 3.01 2.43 1.29 0.00 0.00 99.96
052 area 2 gt 35.32 0.00 21.39 36.00 2.70 2.51 1.34 0.00 0.00 99.27
052 area 2 gt 35.57 0.00 21.39 35.89 2.69 2.52 1.28 0.00 0.00 99.34
052 area 2 gt 35.48 0.00 21.37 35.87 2.85 2.34 1.28 0.00 0.01 99.21
052 area 2 gt 35.29 0.01 21.47 36.30 2.82 2.27 1.28 0.00 0.02 99.46
052 area 2 gt 35.55 0.00 21.50 36.10 2.87 2.38 1.29 0.00 0.01 99.70
052 area 2 gt 35.64 0.00 21.59 36.12 2.79 2.55 1.37 0.00 0.00 100.07
052 area 2 gt 35.69 0.00 21.52 36.13 2.64 2.56 1.29 0.00 0.00 99.84
052 area 2 gt 35.93 0.00 21.56 36.03 2.73 2.49 1.30 0.00 0.00 100.05
052 area 2 gt 36.15 0.00 21.53 35.61 2.84 2.55 1.31 0.00 0.01 100.01
052 area 2 gt 36.22 0.00 21.64 35.99 3.17 2.46 1.34 0.00 0.01 100.84
052 area 2 gt 35.97 0.00 21.72 35.37 3.29 2.48 1.33 0.00 0.01 100.17
052 area 2 gt 36.23 0.00 21.69 35.33 3.46 2.40 1.31 0.00 0.02 100.45
052 area 2 gt 36.06 0.00 21.78 35.24 3.40 2.35 1.30 0.00 0.02 100.15
052 area 2 gt 35.99 0.00 21.63 34.93 3.43 2.36 1.28 0.00 0.02 99.63
052 area 2 gt 35.94 0.00 21.47 35.93 3.43 2.07 1.30 0.00 0.00 100.15
052 area 2 gt 35.86 0.00 21.49 36.18 3.46 2.16 1.30 0.00 0.01 100.46
052 area 2 gt 34.86 0.00 21.41 35.35 3.49 2.37 1.30 0.00 0.00 98.78
052 area 2 gt 34.79 0.00 21.31 35.32 3.53 2.24 1.35 0.01 0.00 98.56
052 area 2 gt 34.92 0.00 21.40 35.80 3.63 2.15 1.22 0.01 0.00 99.13
052 area 2 gt 34.79 0.00 21.29 35.90 4.01 1.73 1.24 0.00 0.00 98.97
052 area 4 gt 35.52 0.00 21.49 35.89 3.57 2.31 1.15 0.00 0.01 99.94
052 area 4 gt 35.39 0.00 21.28 35.60 3.37 2.24 1.26 0.00 0.00 99.14
052 area 4 gt 35.33 0.00 21.48 36.09 3.16 2.31 1.24 0.00 0.01 99.61
052 area 4 gt 35.26 0.00 21.63 36.24 2.99 2.37 1.24 0.00 0.00 99.74
052 area 4 gt 34.64 0.00 21.48 36.08 2.92 2.42 1.24 0.00 0.00 98.79
052 area 4 gt 34.73 0.00 21.25 36.24 2.93 2.25 1.26 0.00 0.00 98.65
052 area 4 gt 34.60 0.00 21.41 36.11 2.88 2.34 1.20 0.00 0.00 98.54
052 area 4 gt 34.30 0.00 21.29 35.86 2.85 2.46 1.28 0.00 0.00 98.04
052 area 4 gt 34.45 0.00 21.49 36.76 2.83 2.53 1.29 0.00 0.00 99.37
052 area 4 gt 34.41 0.08 21.58 36.45 2.92 2.53 1.27 0.00 0.00 99.24
052 area 4 gt 34.24 0.00 21.51 36.45 3.00 2.48 1.29 0.00 0.00 98.96
052 area 4 gt 34.09 0.00 21.50 35.79 3.27 2.36 1.16 0.00 0.01 98.19
052 area 4 gt 33.94 0.00 21.54 35.76 3.27 2.48 1.32 0.00 0.02 98.32
052 area 4 gt 33.88 0.00 21.47 36.06 3.28 2.40 1.30 0.00 0.01 98.40
052 area 4 gt 33.67 0.00 21.34 35.45 3.25 2.57 1.26 0.01 0.00 97.54
052 area 4 gt 33.78 0.00 21.44 35.97 3.30 2.55 1.31 0.00 0.00 98.36
052 area 4 gt 34.69 0.00 21.28 35.27 3.38 2.39 1.28 0.00 0.00 98.30
052 area 4 gt 35.02 0.00 21.52 35.61 3.58 2.47 1.36 0.00 0.00 99.56
052 area 4 gt 34.94 0.00 21.35 35.48 3.52 2.30 1.31 0.00 0.00 98.88
052 area 4 gt 35.38 0.05 21.47 36.39 3.35 2.14 1.24 0.00 0.02 100.04
052 area 4 gt 35.02 0.00 21.36 35.87 3.10 2.42 1.27 0.00 0.01 99.05
052 area 4 gt 34.72 0.00 21.50 35.90 2.92 2.46 1.25 0.00 0.00 98.73
052 area 7 gt 35.59 0.00 21.37 34.92 4.80 1.71 1.17 0.00 0.04 99.60
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052 area 7 gt 35.60 0.00 21.66 35.20 4.46 1.95 1.22 0.00 0.00 100.09
052 area 7 gt 35.72 0.00 21.71 35.27 4.38 1.91 1.17 0.00 0.01 100.17
052 area 7 gt 35.54 0.00 21.48 35.33 4.52 1.96 1.13 0.00 0.00 99.97
052 area 7 gt 57.08 0.00 14.33 25.39 3.30 1.41 0.83 0.00 0.00 102.35
052 area 7 gt 35.44 0.00 21.56 35.38 4.45 1.97 1.19 0.00 0.00 99.99
052 area 7 gt 48.58 0.21 1.02 21.64 2.61 2.19 0.91 0.00 1.13 78.29
052 area 7 gt 35.69 0.00 21.61 35.66 4.56 1.99 1.20 0.00 0.01 100.71
052 area 7 gt 35.48 0.00 21.42 35.03 4.62 1.85 1.22 0.00 0.01 99.62
052 area 7 gt 35.50 0.00 21.45 34.82 4.77 1.79 1.23 0.00 0.01 99.55
052 area 7 gt 35.32 0.00 21.51 35.05 4.79 1.69 1.17 0.00 0.01 99.54
052 area 7 gt 35.09 0.00 21.48 35.01 4.70 1.83 1.22 0.00 0.00 99.32
052 area 7 gt 35.24 0.00 21.57 35.15 4.53 1.93 1.23 0.00 0.00 99.65
052 area 7 gt 35.57 0.00 21.49 35.22 4.59 1.92 1.20 0.00 0.00 100.00
052 area 7 gt 35.15 0.00 21.60 34.92 4.84 1.77 1.16 0.00 0.01 99.44
052 area 7 gt 35.69 0.00 21.69 34.77 4.72 1.85 1.14 0.00 0.01 99.86
052 area 7 gt 35.44 0.00 21.50 34.56 4.53 1.94 1.06 0.00 0.00 99.05
052 area 7 gt 35.67 0.00 21.47 35.10 4.69 1.73 1.18 0.00 0.02 99.86
052 area 7 gt 35.42 0.00 21.58 35.09 4.90 1.56 1.16 0.00 0.05 99.76
052 area 7 gt 35.68 0.00 21.62 34.52 4.62 1.81 1.16 0.00 0.03 99.43
052 area 7 gt 35.71 0.00 21.63 34.73 4.57 1.79 1.18 0.00 0.01 99.62
052 area 7 gt 35.93 0.00 21.54 35.03 4.70 1.76 1.21 0.00 0.02 100.19
052 area 7 gt 35.64 0.00 21.43 34.50 4.53 1.89 1.21 0.00 0.01 99.22
052 area 7 gt 35.14 0.00 21.45 35.26 4.67 1.76 1.18 0.00 0.00 99.46
052 area 7 gt 35.06 0.00 21.47 35.21 4.70 1.75 1.21 0.00 0.00 99.41
052 area 7 gt 35.07 0.01 21.46 35.01 5.10 1.49 1.18 0.00 0.01 99.32
052 area 7 gt 46.08 0.01 25.26 18.24 2.39 1.74 0.48 0.02 6.03 100.25
052 area 7 gt 35.30 0.00 21.39 35.24 5.03 1.69 1.18 0.00 0.00 99.83
052 area 7 gt 37.44 2.95 19.85 21.25 0.42 5.60 0.12 0.14 8.62 96.40
055 area 2 gar36.16 0.00 20.82 34.92 4.54 2.35 1.20 0.01 0.00 99.99
055 area 2 gar36.22 0.00 20.86 35.01 4.52 2.31 1.23 0.00 0.00 100.16
055 area 2 gar36.30 0.00 20.76 34.67 4.82 2.22 1.18 0.00 0.00 99.96
055 area 2 gar35.80 0.02 20.79 35.09 5.21 1.83 1.23 0.00 0.02 99.99
055 area 2 gar35.90 0.01 20.91 34.73 5.20 1.96 1.16 0.00 0.01 99.87
055 area 2 gar35.77 0.00 20.74 35.10 4.46 2.19 1.21 0.00 0.00 99.49
055 area 2 gar35.61 0.00 20.81 35.47 4.34 2.23 1.17 0.00 0.01 99.64
055 area 2 gar35.68 0.00 20.78 35.48 4.50 2.25 1.17 0.01 0.01 99.87
055 area 2 gar35.90 0.00 20.81 35.02 4.54 2.18 1.20 0.00 0.01 99.67
055 area 2 gar36.49 0.00 20.69 35.39 4.08 2.57 1.17 0.00 0.00 100.40
055 area 2 gar36.41 0.00 20.65 35.22 3.95 2.60 1.18 0.00 0.00 100.02
055 area 2 gar36.11 0.00 20.59 34.53 5.08 2.01 1.41 0.00 0.00 99.73
055 area 2 gar36.19 0.00 21.00 35.29 4.16 2.35 1.49 0.01 0.00 100.49
055 area 2 gar14.35 0.00 12.91 18.79 3.50 1.50 0.62 0.00 0.01 51.67
055 area 2 gar7.75 0.00 10.96 18.12 2.48 1.15 0.58 0.07 0.08 41.19
055 area 2 gar13.85 0.00 12.96 18.41 3.08 1.63 0.79 0.00 0.01 50.72
055 area 2 gar13.75 0.00 12.82 18.38 2.91 1.65 0.66 0.00 0.00 50.18
055 area 2 gar13.77 0.00 12.91 18.44 3.07 1.65 0.63 0.00 0.01 50.47
055 area 2 gar14.43 0.00 13.22 19.00 3.27 1.60 0.63 0.00 0.01 52.15
055 area 2 gar14.56 0.00 13.32 19.28 2.82 1.87 0.72 0.00 0.01 52.57
055 area 3 gar35.93 0.00 20.84 34.96 4.77 2.26 1.19 0.00 0.01 99.96
055 area 3 gar35.92 0.00 20.69 35.06 4.61 2.36 1.17 0.00 0.00 99.82
055 area 3 gar35.88 0.00 20.90 35.22 4.31 2.50 1.18 0.00 0.00 99.98
055 area 3 gar36.16 0.00 20.77 34.67 4.78 2.26 1.16 0.00 0.00 99.80
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055 area 3 gar35.80 0.00 20.86 34.90 4.90 2.13 1.22 0.00 0.00 99.81
055 area 3 gar35.85 0.00 20.87 34.99 4.60 2.31 1.20 0.00 0.00 99.82
055 area 3 gar36.18 0.00 20.59 35.09 4.79 2.18 1.24 0.00 0.00 100.09
055 area 3 gar36.37 0.00 20.59 35.08 5.10 2.00 1.23 0.00 0.00 100.38
055 area 3 gar36.64 0.00 20.51 35.01 5.24 1.92 1.15 0.00 0.00 100.48
055 area 4 gar36.55 0.00 20.59 34.64 5.41 1.98 1.14 0.00 0.00 100.32
055 area 4 gar36.24 0.00 20.66 34.71 5.20 2.14 1.15 0.00 0.00 100.11
055 area 4 gar36.54 0.00 20.48 34.80 5.42 2.04 1.16 0.00 0.01 100.47
055 area 4 gar36.28 0.00 20.69 35.13 5.22 2.13 1.15 0.00 0.00 100.60
055 area 4 gar36.08 0.00 20.76 34.64 4.96 2.14 1.15 0.00 0.00 99.74
055 area 4 gar35.96 0.00 20.69 34.55 5.34 2.07 1.10 0.00 0.00 99.71
055 area 4 gar35.96 0.00 20.64 34.30 5.53 1.99 1.14 0.00 0.00 99.56
055 area 4 gar35.74 0.00 20.72 34.55 5.49 1.98 1.14 0.00 0.00 99.62
055 area 4 gar36.56 0.00 20.57 34.43 5.40 2.03 1.12 0.00 0.01 100.11
055 area 4 gar36.59 0.00 20.60 34.60 5.42 2.06 1.16 0.00 0.01 100.45
055 area 3 gar233.99 0.00 20.74 34.37 5.19 1.95 1.15 0.00 0.01 97.41
055 area 3 gar233.75 0.00 20.93 34.31 5.29 2.06 1.15 0.00 0.01 97.51
055 area 3 gar233.55 0.00 20.70 34.09 5.16 1.98 1.19 0.01 0.00 96.67
055 area 3 gar232.66 0.00 20.73 33.96 4.51 2.43 1.16 0.00 0.00 95.46
055 area 3 gar232.70 0.00 20.74 34.27 4.46 2.46 1.19 0.00 0.00 95.83
055 area 3 gar233.04 0.00 20.78 34.03 4.56 2.43 1.22 0.00 0.00 96.06
059 area 1 gt 34.19 0.01 21.37 38.08 1.93 1.96 1.08 0.00 0.00 98.63
059 area 1 gt 33.84 0.00 21.55 38.12 1.60 2.24 0.99 0.00 0.00 98.33
059 area 1 gt 34.12 0.00 21.58 38.05 1.51 2.25 1.04 0.00 0.01 98.56
059 area 1 gt 33.97 0.00 21.38 37.99 1.43 2.46 1.09 0.00 0.00 98.31
059 area 1 gt 34.77 0.01 21.39 38.14 1.40 2.40 1.15 0.00 0.00 99.27
059 area 1 gt 34.35 0.00 21.40 37.88 1.39 2.51 1.11 0.00 0.00 98.63
059 area 1 gt 34.30 0.00 21.44 38.04 1.42 2.51 1.03 0.00 0.00 98.74
059 area 1 gt 34.17 0.00 21.51 37.59 1.56 2.26 1.05 0.00 0.01 98.15
059 area 1 gt 34.42 0.00 21.56 37.58 1.66 2.21 1.00 0.00 0.00 98.44
059 area 1 gt 35.39 0.00 21.55 37.82 1.80 1.99 1.05 0.00 0.01 99.60
059 area 1 gt 35.34 0.00 21.53 38.04 2.10 1.68 1.03 0.00 0.01 99.73
059 area 1 gt 35.17 0.00 21.62 37.87 2.47 1.44 1.04 0.00 0.03 99.64
059 area 1 gt 35.11 0.00 21.52 37.94 2.19 1.66 1.04 0.00 0.01 99.46
059 area 1 gt 34.96 0.00 21.34 38.33 2.22 1.58 1.01 0.00 0.02 99.46
059 area 1 gt 35.08 0.00 21.46 38.07 2.17 1.61 1.05 0.00 0.02 99.46
059 area 1 gt 34.91 0.00 21.46 38.00 2.04 1.81 1.05 0.00 0.01 99.30
059 area 1 gt 35.12 0.00 21.57 38.01 1.86 1.85 1.05 0.00 0.02 99.49
059 area 1 gt 32.38 0.00 21.18 37.97 1.79 2.10 0.98 0.00 0.02 96.40
059 area 1 gt 32.27 0.00 21.03 37.83 1.86 2.18 1.01 0.00 0.03 96.21
059 area 1 gt 32.73 0.00 21.15 37.99 1.79 2.21 0.99 0.00 0.03 96.89
059 area 1 gt 32.51 0.00 21.23 37.40 1.74 2.23 0.97 0.00 0.03 96.11
059 area 1 gt 32.86 0.00 21.25 37.75 1.62 2.34 1.00 0.00 0.00 96.82
059 area 1 gt 32.85 0.00 21.34 37.89 1.63 2.41 0.99 0.00 0.00 97.11
059 area 3 gt 33.58 0.00 21.58 37.74 1.78 2.18 1.02 0.00 0.00 97.88
059 area 3 gt 33.86 0.00 21.53 38.34 1.68 2.29 1.04 0.00 0.00 98.74
059 area 3 gt 33.91 0.00 21.46 38.07 1.45 2.49 1.25 0.00 0.00 98.64
059 area 3 gt 33.81 0.01 21.50 37.98 1.32 2.57 1.22 0.00 0.00 98.42
059 area 3 gt 34.16 0.01 21.49 37.65 1.15 2.77 1.51 0.00 0.00 98.74
059 area 3 gt 34.41 0.02 21.77 37.61 1.13 2.81 1.58 0.00 0.00 99.32
059 area 3 gt 32.63 0.02 20.58 36.81 1.07 2.62 1.51 0.01 0.05 95.30
059 area 3 gt 34.44 0.01 21.61 37.58 1.09 2.88 1.50 0.00 0.01 99.11
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059 area 3 gt 34.24 0.00 21.59 37.90 1.30 2.49 1.35 0.00 0.01 98.88
059 area 3 gt 34.21 0.00 21.60 38.16 1.48 2.49 1.09 0.00 0.00 99.03
059 area 3 gt 34.27 0.00 21.50 38.20 1.72 2.11 1.05 0.00 0.00 98.86
059 area 3 gt 34.27 0.00 21.60 38.00 1.45 2.40 1.03 0.00 0.01 98.76
059 area 3 gt 34.75 0.00 21.65 38.10 1.29 2.60 1.22 0.00 0.01 99.61
059 area 3 gt 34.55 0.00 21.62 37.96 1.50 2.39 1.13 0.00 0.00 99.16
059 area 3 gt 34.54 0.00 21.60 38.31 2.13 1.81 1.04 0.00 0.01 99.45
059 area 3 gt 34.25 0.02 21.61 38.23 2.35 1.54 0.99 0.00 0.03 99.02
059 area 3 gt 34.33 0.02 21.69 38.22 2.44 1.60 0.94 0.00 0.02 99.27
059 area 3 gt 34.66 0.04 21.71 38.30 2.47 1.60 0.98 0.00 0.04 99.79
059 area 3 gt 34.28 0.04 20.49 38.48 2.52 1.47 0.98 0.00 0.06 98.32
059 area 3 gt 33.23 0.00 21.19 38.37 2.28 1.50 1.02 0.00 0.01 97.60
059 area 3 gt 33.02 0.00 21.25 38.65 2.42 1.47 1.02 0.00 0.02 97.84
059 area 3 gt 32.98 0.00 21.25 38.89 2.15 1.69 1.00 0.00 0.01 97.97
059 area 3 gt 33.00 0.00 21.22 38.39 2.77 1.28 0.98 0.00 0.01 97.65
059 area 3 gt 34.81 0.00 21.84 38.08 1.93 1.89 1.00 0.00 0.01 99.56
059 area 3 gt 34.40 0.00 21.50 38.43 1.89 1.95 1.03 0.00 0.01 99.21
059 area 3 gt 34.34 0.00 21.64 38.36 2.22 1.58 1.07 0.00 0.00 99.21
059 area 3 gt 33.47 0.00 21.53 38.51 1.59 2.05 1.00 0.00 0.02 98.19
059 area 3 gt 33.17 0.00 21.39 38.52 1.67 2.08 1.07 0.00 0.02 97.93
059 area 3 gt 33.47 0.00 21.37 38.39 1.48 2.27 1.10 0.00 0.00 98.08
059 area 3 gt 33.02 0.00 21.27 38.30 1.97 1.98 1.10 0.00 0.01 97.64
059 area 4 gt 33.57 0.00 21.60 37.91 1.93 1.91 1.11 0.00 0.01 98.05
059 area 4 gt 34.59 0.00 24.41 37.39 1.79 2.13 0.95 0.04 0.00 101.29
059 area 4 gt 33.68 0.00 21.49 38.34 1.70 2.31 1.00 0.00 0.00 98.52
059 area 4 gt 25.11 0.00 20.00 36.32 1.44 1.55 1.09 0.04 0.03 85.57
059 area 4 gt 33.56 0.01 21.47 38.10 1.48 2.52 1.03 0.00 0.00 98.18
059 area 4 gt 33.82 0.00 21.43 38.00 1.52 2.50 1.05 0.00 0.01 98.34
059 area 4 gt 33.89 0.00 21.73 37.95 1.52 2.55 1.01 0.00 0.00 98.66
059 area 4 gt 34.27 0.00 21.63 37.88 1.48 2.51 0.95 0.00 0.00 98.72
059 area 4 gt 34.07 0.00 21.60 37.91 1.49 2.51 1.02 0.00 0.00 98.62
059 area 4 gt 34.34 0.00 21.66 38.28 1.55 2.37 1.05 0.00 0.01 99.26
059 area 4 gt 34.37 0.00 21.61 38.30 1.60 2.40 1.05 0.00 0.00 99.33
059 area 4 gt 34.18 0.01 21.67 38.36 1.70 2.14 1.08 0.00 0.01 99.15
059 area 4 gt 34.19 0.01 21.76 38.52 1.81 1.81 1.05 0.00 0.04 99.16
059 area 4 gt 33.95 0.00 21.68 38.45 1.81 2.03 1.02 0.00 0.01 98.94
059 area 4 gt 33.58 0.01 21.42 38.43 1.87 1.83 1.03 0.00 0.02 98.20
059 area 4 gt 33.58 0.00 21.47 38.04 1.62 2.37 0.98 0.00 0.01 98.07
059 area 4 gt 33.49 0.00 21.54 38.04 1.60 2.35 0.96 0.00 0.03 98.02
059 area 4 gt 32.98 0.00 21.30 38.39 1.86 1.95 1.03 0.00 0.02 97.54
059 area 4 gt 33.24 0.00 21.51 38.29 1.58 2.37 1.03 0.00 0.00 98.02
059 area 4 gt 34.15 0.00 21.51 38.28 1.86 2.01 1.01 0.00 0.01 98.83
059 area 6 gt 34.91 0.00 21.67 37.92 1.83 2.14 1.01 0.00 0.00 99.48
059 area 6 gt 34.98 0.00 21.71 38.14 1.55 2.45 1.03 0.00 0.00 99.86
059 area 6 gt 34.77 0.00 21.56 37.80 1.42 2.60 1.05 0.00 0.00 99.21
059 area 6 gt 35.18 0.00 21.59 38.33 1.28 2.57 1.01 0.00 0.01 99.96
059 area 6 gt 35.02 0.00 21.66 37.97 1.18 2.70 1.07 0.00 0.00 99.60
059 area 6 gt 35.04 0.00 21.71 38.16 1.33 2.59 1.02 0.00 0.00 99.84
059 area 6 gt 34.93 0.00 21.76 37.91 1.44 2.54 1.02 0.00 0.00 99.59
059 area 6 gt 35.27 0.00 21.83 38.07 1.44 2.49 1.04 0.00 0.00 100.14
059 area 6 gt 35.36 0.00 21.74 38.02 1.84 2.27 1.07 0.00 0.01 100.30
059 area 6 gt 34.54 0.00 21.77 37.88 1.78 2.07 1.03 0.00 0.00 99.06
136
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
059 area 6 gt 34.88 0.00 21.38 38.04 1.96 1.98 1.05 0.00 0.01 99.29
059 area 6 gt 33.05 0.00 21.21 38.27 2.51 1.50 1.03 0.00 0.05 97.61
059 area 6 gt 33.37 0.00 21.37 38.29 2.06 1.83 1.01 0.00 0.02 97.95
059 area 6 gt 32.20 0.00 21.31 38.58 2.19 1.83 1.01 0.00 0.02 97.13
059 area 6 gt 31.76 0.00 21.24 38.25 1.70 2.23 0.98 0.00 0.00 96.15
059 area 6 gt 31.16 0.02 21.30 39.07 1.51 1.80 0.97 0.00 0.07 95.90
059 area 6 gt 31.70 0.00 20.98 38.21 1.45 2.39 1.01 0.00 0.01 95.76
059 area 6 gt 31.94 0.00 20.91 38.38 2.05 2.06 1.00 0.00 0.01 96.34
059 area 6 gt 32.07 0.00 21.05 38.62 1.93 1.99 1.00 0.00 0.00 96.68
059 area 6 gt 33.53 0.00 21.39 38.55 1.99 2.02 0.99 0.00 0.00 98.46
059 area 6 gt 33.38 0.00 21.31 38.24 2.05 1.92 1.05 0.00 0.01 97.96
059 area 6 gt 36.05 0.00 21.54 37.89 1.25 2.55 1.08 0.00 0.00 100.37
059 area 6 gt 35.79 0.00 21.46 37.90 1.30 2.49 1.09 0.00 0.01 100.04
059 area 6 gt 35.87 0.00 21.71 37.99 1.27 2.60 1.11 0.00 0.01 100.56
059 area 6 gt 35.82 0.00 21.57 37.52 1.50 2.47 1.02 0.00 0.01 99.92
059 area 6 gt 35.94 0.00 21.59 38.27 1.37 2.44 1.04 0.00 0.01 100.66
059 area 6 gt 35.97 0.00 21.63 37.71 1.43 2.34 1.04 0.00 0.01 100.13
059 area 6 gt 36.15 0.00 21.70 37.46 1.41 2.47 1.06 0.00 0.01 100.26
059 area 6 gt 35.85 0.00 21.60 37.68 1.54 2.22 1.11 0.00 0.00 100.00
059 area 6 gt 35.97 0.00 21.42 37.81 1.57 2.18 1.05 0.00 0.01 100.00
059 area 6 gt 36.07 0.00 21.69 37.48 1.58 2.41 1.01 0.00 0.00 100.25
APPENDIX B: Complete Microprobe analyses for muscovite
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
013 area 1  ms45.49 0.22 36.70 1.09 0.00 0.61 0.04 1.02 8.13 93.30
013 area 1  ms45.09 0.26 36.58 1.90 0.01 1.27 0.04 0.80 8.65 94.59
013 area 1  ms39.64 0.43 30.30 4.31 0.00 3.58 0.50 0.94 3.67 83.36
013 area 1  ms44.12 0.23 35.73 1.35 0.01 0.80 0.06 0.87 8.99 92.15
013 area 1  ms40.98 0.31 34.59 1.34 0.01 0.84 0.08 0.78 8.66 87.59
013 area 1  ms43.73 0.28 35.55 1.12 0.00 0.63 0.02 0.66 9.00 91.00
013 area 1  ms46.33 0.27 38.13 1.08 0.01 0.68 0.06 0.78 7.90 95.24
013 area 2  ms45.37 0.26 36.34 1.61 0.02 0.64 0.04 0.85 9.17 94.30
013 area 2  ms44.84 0.25 36.29 1.45 0.00 0.67 0.01 0.91 8.99 93.40
013 area 2  ms45.00 0.25 36.44 1.75 0.00 0.74 0.01 0.96 8.82 93.98
013 area 2  ms44.46 0.26 35.51 1.64 0.01 0.84 0.02 0.95 9.40 93.09
013 area 2  ms43.48 0.26 36.97 3.21 0.00 1.39 0.04 0.74 8.22 94.31
013 area 2  ms44.37 0.30 35.51 3.45 0.00 1.19 0.09 0.72 8.54 94.17
013 area 2  ms38.23 0.23 32.79 11.64 0.01 3.32 0.19 0.53 6.08 93.03
013 area 2  ms44.90 0.26 35.36 1.06 0.00 0.65 0.00 0.78 8.88 91.89
013 area 3  ms44.54 0.27 36.73 2.53 0.01 0.67 0.06 0.91 8.49 94.21
013 area 3  ms43.07 0.31 35.86 1.70 0.01 0.89 0.04 0.78 9.35 91.99
013 area 3  ms44.57 0.22 33.60 3.81 0.01 1.88 0.12 0.60 7.79 92.60
013 area 3  ms44.64 0.27 36.63 1.28 0.00 0.68 0.07 0.79 8.63 92.99
013 area 3  ms44.74 0.36 35.76 2.19 0.00 1.37 0.00 0.82 9.02 94.26
013 area 3  ms45.24 0.28 37.24 1.09 0.00 0.69 0.00 0.74 8.98 94.27
013 area 3  ms44.27 0.42 34.17 3.55 0.00 1.74 0.02 0.65 8.89 93.71
013 area 3  ms44.85 0.28 36.07 1.83 0.00 0.77 0.01 0.76 9.47 94.03
013 area 3  ms35.44 0.22 27.69 16.66 0.00 4.44 0.14 0.36 4.65 89.60
013 area 3  ms46.67 0.29 36.41 1.10 0.00 0.92 0.00 0.85 8.75 94.99
013 area 3  ms45.40 0.26 36.65 1.02 0.00 0.81 0.02 0.83 8.74 93.75
013 area 3  ms45.67 0.28 35.88 1.26 0.00 0.79 0.02 0.81 9.26 93.97
013 area 3  ms45.70 0.26 35.95 1.48 0.00 0.77 0.02 0.72 8.76 93.67
137
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
013 area 3  ms45.15 0.32 34.18 2.09 0.00 1.25 0.03 0.74 8.27 92.04
013 area 3  ms46.40 0.26 35.65 1.13 0.00 0.92 0.00 0.92 8.56 93.84
013 area 5 ms45.27 0.26 37.42 1.23 0.00 0.68 0.00 0.96 8.84 94.66
013 area 5 ms43.45 0.25 35.13 1.34 0.00 0.70 0.02 0.80 9.37 91.05
013 area 5 ms45.41 0.26 37.58 0.97 0.00 0.65 0.00 0.86 9.27 95.00
013 area 5 ms26.55 0.06 27.84 22.10 0.00 9.70 0.03 0.16 1.74 88.19
013 area 5 ms43.14 0.28 35.05 1.01 0.00 0.76 0.01 0.84 9.42 90.49
013 area 5 ms43.74 0.27 35.81 1.44 0.01 1.07 0.04 0.68 8.60 91.65
013 area 5 ms43.88 0.28 36.15 1.17 0.01 0.76 0.04 0.95 9.24 92.48
013 area 5 ms46.03 0.17 37.33 1.43 0.01 0.79 0.01 1.31 8.33 95.40
013 area 5 ms41.32 0.26 34.52 1.09 0.00 0.64 0.05 0.91 8.93 87.72
013 area 5 ms45.05 0.28 36.44 1.14 0.00 0.80 0.01 0.80 9.54 94.07
013 area 5 ms44.68 0.29 35.69 1.15 0.00 0.82 0.03 0.78 9.38 92.82
013 area 6  ms35.00 1.28 19.31 17.44 0.00 9.76 0.25 0.17 7.44 90.65
013 area 6  ms34.63 1.38 19.13 17.83 0.02 9.89 0.10 0.17 8.48 91.62
013 area 6  ms35.60 1.35 18.98 18.03 0.01 9.96 0.20 0.13 7.93 92.20
013 area 6  ms35.17 1.30 19.08 17.66 0.01 9.96 0.12 0.16 8.46 91.90
013 area 6  ms19.51 1.32 3.09 15.55 0.00 4.82 0.97 0.00 7.42 52.67
013 area 6  ms34.32 1.32 18.94 17.58 0.00 9.46 0.27 0.20 8.25 90.35
013 area 6  ms34.29 1.23 18.75 17.19 0.00 9.65 0.32 0.17 7.34 88.95
013 area 6  ms35.22 1.21 19.19 17.97 0.01 9.47 0.41 0.16 7.15 90.78
013 area 6  ms34.54 1.21 18.53 18.29 0.02 9.81 0.31 0.17 7.14 90.04
013 area 7  ms42.27 0.27 34.79 1.92 0.00 0.74 0.03 0.85 8.94 89.81
013 area 7  ms45.47 0.29 36.83 1.16 0.00 0.75 0.02 0.75 9.53 94.80
013 area 7  ms44.30 0.48 34.52 4.28 0.00 2.34 0.09 0.95 8.51 95.47
013 area 7  ms45.39 0.27 37.19 1.06 0.00 0.78 0.00 0.82 9.27 94.79
013 area 7  ms44.67 0.27 36.19 1.42 0.01 0.79 0.03 0.75 9.24 93.36
013 area 7  ms46.77 0.30 36.90 1.23 0.00 1.03 0.00 0.88 8.56 95.67
013 area 7  ms45.82 0.28 36.85 1.20 0.01 0.84 0.01 1.09 8.69 94.80
013 area 8  Ms46.69 0.31 37.95 1.12 0.00 0.57 0.00 1.13 8.68 96.45
013 area 8  Ms42.62 0.23 33.72 1.35 0.00 0.61 0.03 0.77 8.88 88.21
013 area 8  Ms46.28 0.27 36.68 1.14 0.00 0.88 0.02 0.85 8.22 94.34
013 area 8  Ms40.74 0.24 26.23 1.04 0.01 0.67 0.45 0.52 7.61 77.51
013 area 8  Ms44.89 0.32 35.35 1.06 0.00 0.78 0.06 0.85 8.26 91.58
013 area 8  Ms46.01 0.27 35.73 1.21 0.00 0.79 0.09 0.82 8.64 93.56
013 area 8  Ms40.59 0.23 32.68 1.38 0.00 0.66 0.22 0.67 8.04 84.46
032 area 1 musc48.43 0.92 36.40 1.53 0.00 1.37 0.00 0.79 8.91 98.34
032 area 1 musc48.55 0.95 34.67 1.44 0.00 1.44 0.00 0.81 8.91 96.79
032 area 1 musc47.92 1.02 34.65 1.46 0.00 1.60 0.00 0.76 9.07 96.48
032 area 2 musc48.20 0.72 35.18 1.44 0.00 1.07 0.01 0.97 9.10 96.71
032 area 2 musc47.89 0.91 35.88 1.41 0.00 1.12 0.02 1.00 8.95 97.19
032 area 2 musc48.62 0.98 35.06 1.52 0.00 1.24 0.00 0.96 9.33 97.71
032 area 2 musc46.87 0.93 35.64 1.49 0.01 1.06 0.05 1.03 8.66 95.74
032 area 2 musc49.06 0.90 35.12 1.41 0.03 1.44 0.02 0.95 8.85 97.78
032 area 2 musc48.65 0.89 35.72 1.47 0.01 1.42 0.04 0.97 8.71 97.89
032 area 3 musc47.09 0.61 36.55 1.23 0.00 0.92 0.00 1.13 9.24 96.78
032 area 3 musc46.74 0.63 36.54 1.23 0.00 0.93 0.00 1.15 9.16 96.38
032 area 3 musc47.65 1.02 35.66 1.35 0.00 1.25 0.00 0.97 9.14 97.05
032 area 3 musc47.28 0.73 36.06 1.35 0.00 1.14 0.01 0.99 9.05 96.61
032 area 3 musc47.23 0.81 35.93 1.33 0.00 1.08 0.01 0.96 9.15 96.49
032 area 3 musc47.52 0.88 36.15 1.41 0.00 1.12 0.00 1.04 9.21 97.34
032 area 3 musc47.79 0.73 35.63 1.37 0.01 1.20 0.03 0.97 9.02 96.74
138
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
032 area 3 musc47.19 0.74 35.65 1.40 0.00 1.15 0.00 0.93 8.96 96.01
032 area 3 musc47.00 0.61 35.76 1.30 0.00 1.12 0.00 1.04 9.27 96.11
032 area 3 musc47.01 0.55 36.24 1.27 0.01 1.12 0.00 1.10 9.40 96.72
032 area 3 musc46.48 1.25 35.06 1.34 0.00 1.03 0.00 1.00 9.30 95.46
032 area 3 musc46.87 0.82 35.37 1.37 0.00 1.26 0.00 1.03 9.38 96.11
032 area 3 musc47.00 0.73 35.33 1.32 0.00 1.22 0.00 0.98 95.94
032 area 4 musc46.91 0.70 37.32 1.24 0.00 1.02 0.04 1.12 9.02 97.37
032 area 4 musc47.07 0.48 36.35 1.44 0.01 0.94 0.05 1.16 9.19 96.68
032 area 4 musc47.83 0.74 36.34 1.45 0.00 1.07 0.06 1.14 9.09 97.73
032 area 4 musc47.62 0.13 38.25 1.29 0.01 0.61 0.08 1.38 8.75 98.13
032 area 4 musc46.99 0.12 37.67 1.42 0.01 0.91 0.06 1.23 8.97 97.37
032 area 4 musc46.98 0.69 36.16 1.32 0.00 1.21 0.00 1.13 9.35 96.85
032 area 4 musc46.82 0.66 36.52 1.28 0.00 0.87 0.02 1.01 8.90 96.08
032 area 4 musc46.48 0.70 35.93 1.30 0.00 1.12 0.00 1.08 9.19 95.78
032 area 4 musc47.20 0.68 36.17 1.39 0.00 1.02 0.00 1.09 9.37 96.94
032 area 4 musc46.75 0.71 36.34 1.23 0.00 1.08 0.00 1.05 9.22 96.39
032 area 6 musc45.91 0.85 34.84 1.45 0.00 1.30 0.00 1.01 9.30 94.67
032 area 6 musc47.74 0.86 35.41 1.49 0.01 1.30 0.00 1.01 9.40 97.23
032 area 6 musc46.87 0.83 35.28 1.48 0.00 1.21 0.00 1.06 9.27 96.01
032 area 6 musc47.18 0.47 37.48 1.07 0.01 0.63 0.04 1.53 8.57 96.97
032 area 6 musc46.65 0.27 37.43 1.14 0.00 0.60 0.01 1.42 8.77 96.28
032 area 6 musc47.48 0.84 35.39 1.55 0.01 1.19 0.01 0.99 9.22 96.70
032 area 6 musc47.59 0.85 35.44 1.77 0.01 1.31 0.01 0.93 9.05 96.97
035 area 1 ms47.54 0.62 34.27 3.01 0.01 0.89 0.01 0.71 8.23 95.28
035 area 1 ms47.48 0.44 34.94 2.90 0.00 0.78 0.01 0.79 8.26 95.60
035 area 1 ms48.17 0.63 33.91 3.08 0.01 0.91 0.00 0.69 8.41 95.81
035 area 1 ms47.24 0.66 33.78 3.04 0.00 0.90 0.03 0.71 8.30 94.66
035 area 1 ms47.95 0.70 35.08 3.12 0.01 1.08 0.01 0.76 8.09 96.80
035 area 1 ms48.97 0.73 33.98 2.96 0.00 1.02 0.00 0.67 8.28 96.62
035 area 1 ms48.41 0.78 33.07 3.29 0.00 1.17 0.00 0.66 8.04 95.41
035 area 1 ms48.60 0.62 34.51 3.17 0.03 0.91 0.00 0.73 8.36 96.94
035 area 1 ms47.76 0.57 34.48 2.91 0.01 0.85 0.01 0.71 7.99 95.28
035 area 1 ms47.53 0.72 33.10 3.18 0.01 1.11 0.01 0.64 8.16 94.45
035 area 1 ms48.36 0.67 34.16 2.78 0.00 0.96 0.00 0.68 8.45 96.05
035 area 1 ms49.10 0.45 34.85 3.42 0.05 0.93 0.02 0.73 8.43 97.99
035 area 1 ms48.43 0.54 34.15 3.59 0.04 1.29 0.00 0.73 8.51 97.28
035 area 1 ms48.37 0.48 34.80 3.34 0.03 0.80 0.00 0.73 8.51 97.07
035 area 3 musc49.33 0.76 34.07 3.08 0.00 1.14 0.00 0.65 8.28 97.32
035 area 3 musc48.23 0.73 33.33 3.24 0.01 1.09 0.04 0.59 8.05 95.31
035 area 3 musc48.59 0.59 35.11 2.74 0.00 0.79 0.00 0.77 8.52 97.10
035 area 3 musc49.01 0.97 33.44 3.42 0.01 1.25 0.00 0.83 8.09 97.01
035 area 3 musc49.53 0.74 33.86 3.14 0.01 1.14 0.00 0.70 8.39 97.52
035 area 3 musc48.29 0.76 34.00 3.07 0.01 1.08 0.01 0.70 8.39 96.30
035 area 3 musc49.08 0.72 34.24 2.99 0.00 1.01 0.00 0.70 8.67 97.41
035 area 3 musc49.03 0.66 34.14 3.00 0.01 0.93 0.00 0.66 8.43 96.87
035 area 3 musc48.60 1.03 33.26 3.25 0.03 1.20 0.00 0.78 8.30 96.43
035 area 3 musc48.65 1.01 33.19 3.42 0.01 1.22 0.00 0.81 8.29 96.61
035 area 3 musc47.56 0.54 34.06 2.98 0.01 0.86 0.00 0.62 8.33 94.97
035 area 3 musc49.10 1.00 33.01 3.33 0.01 1.25 0.03 0.73 8.04 96.50
035 area 3 musc46.81 0.70 33.50 3.09 0.00 1.03 0.00 0.73 8.65 94.51
035 area 3 musc47.98 0.70 34.22 3.18 0.00 1.00 0.00 0.82 8.68 96.58
035 area 4 ms21.89 0.59 19.48 16.91 0.15 4.47 0.29 0.36 7.61 71.74
139
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
035 area 4 ms31.72 0.09 6.66 23.31 2.91 1.28 2.13 0.04 2.20 70.33
035 area 4 ms32.45 0.01 17.94 27.83 5.91 1.55 4.40 0.01 0.10 90.20
035 area 4 ms47.54 0.66 33.29 3.12 0.01 0.98 0.04 0.60 8.25 94.48
035 area 4 ms50.23 0.63 34.68 2.99 0.02 0.98 0.04 0.72 8.19 98.48
035 area 4 ms42.46 0.54 32.32 2.94 0.01 0.86 0.09 0.68 8.15 88.05
035 area 4 ms48.08 0.51 35.34 2.93 0.01 0.71 0.06 0.76 8.11 96.51
035 area 4 ms49.38 0.47 34.59 3.11 0.02 0.82 0.10 0.72 8.20 97.40
035 area 4 ms45.18 0.39 35.21 2.88 0.02 0.60 0.13 1.01 8.81 94.23
035 area 4 ms50.08 0.58 33.70 3.14 0.01 1.06 0.10 0.70 8.35 97.71
035 area 4 ms48.95 0.58 34.63 3.09 0.01 0.97 0.04 0.70 8.22 97.20
035 area 5 ms48.65 0.92 33.70 3.42 0.03 1.01 0.03 0.76 8.13 96.64
035 area 5 ms49.15 1.04 33.58 3.40 0.03 1.14 0.02 0.77 8.25 97.38
035 area 5 ms49.20 0.99 33.90 3.35 0.01 1.09 0.00 0.77 8.12 97.44
035 area 5 ms48.19 1.00 33.59 3.38 0.03 1.02 0.01 0.71 8.02 95.96
035 area 5 ms48.92 1.01 33.73 3.29 0.02 1.03 0.02 0.65 8.18 96.84
035 area 5 ms49.41 0.61 34.21 3.44 0.02 0.92 0.09 0.58 7.93 97.19
035 area 5 ms48.93 1.03 31.47 3.17 0.03 1.04 0.08 0.68 9.02 95.44
035 area 5 ms47.80 0.54 34.28 3.29 0.02 0.91 0.08 0.77 8.62 96.30
035 area 5 ms47.54 0.47 35.23 3.01 0.02 0.76 0.02 0.77 8.08 95.90
035 area 5 ms35.50 5.46 22.24 14.16 0.05 3.58 0.22 0.39 6.75 88.35
035 area 5 ms48.14 0.70 34.16 3.44 0.01 1.03 0.01 0.73 8.32 96.53
035 area 5 ms47.96 0.71 33.76 3.39 0.02 1.06 0.00 0.69 8.46 96.05
035 area 5 ms48.07 0.65 33.71 3.35 0.01 0.91 0.06 0.58 8.15 95.48
035 area 6 ms35.56 1.83 17.90 19.50 0.17 9.48 0.12 0.25 8.81 93.62
035 area 6 ms34.07 1.80 18.34 19.14 0.19 9.03 0.12 0.28 8.92 91.90
035 area 6 ms34.21 1.86 16.17 18.50 0.18 8.99 0.27 0.26 8.74 89.19
035 area 6 ms36.96 1.65 20.19 18.41 0.16 8.79 0.31 0.34 7.73 94.51
035 area 6 ms38.98 1.81 17.63 18.80 0.18 11.34 0.14 0.28 9.16 98.33
035 area 6 ms47.65 0.63 32.74 3.21 0.01 1.03 0.25 0.72 8.45 94.69
035 area 6 ms47.64 0.59 34.31 3.23 0.05 1.00 0.19 0.91 8.76 96.68
035 area 6 ms36.53 1.79 16.86 18.84 0.24 9.37 0.20 0.30 9.02 93.15
039 area 1  ms47.00 0.69 35.45 2.43 0.02 0.91 0.00 0.27 9.85 96.63
039 area 1  ms46.67 0.34 35.96 2.46 0.02 0.84 0.00 0.27 9.89 96.46
039 area 1  ms47.16 0.39 35.48 2.54 0.04 0.93 0.00 0.25 9.81 96.60
039 area 1  ms47.25 0.48 35.73 2.53 0.02 0.94 0.01 0.23 9.63 96.81
039 area 1  ms47.89 1.06 34.57 2.70 0.03 1.05 0.00 0.19 9.60 97.10
039 area 1  ms47.18 1.07 35.17 2.21 0.03 0.85 0.01 0.22 9.74 96.48
039 area 1  ms47.66 0.59 35.18 2.71 0.04 1.01 0.01 0.25 9.89 97.33
039 area 1  ms48.34 0.85 34.38 2.67 0.03 1.12 0.00 0.26 9.64 97.30
039 area 1  ms47.71 1.06 34.19 2.81 0.03 1.08 0.00 0.26 9.47 96.60
039 area 2  ms48.69 0.85 34.62 2.81 0.03 1.07 0.00 0.20 9.53 97.80
039 area 2  ms48.65 0.91 33.81 2.81 0.04 1.28 0.00 0.25 9.57 97.31
039 area 2  ms48.59 0.79 33.82 2.80 0.03 1.26 0.00 0.26 9.82 97.36
039 area 2  ms48.90 0.97 32.87 3.12 0.02 1.46 0.00 0.25 9.66 97.26
039 area 2  ms49.71 0.94 32.90 3.02 0.02 1.49 0.00 0.24 9.45 97.78
039 area 2  ms48.76 0.86 34.04 2.94 0.02 1.20 0.00 0.29 9.66 97.75
039 area 2  ms48.26 0.86 34.18 2.91 0.03 1.15 0.00 0.28 9.67 97.33
039 area 3  ms47.91 0.65 35.33 2.47 0.03 0.95 0.00 0.26 9.81 97.41
039 area 3  ms46.37 0.52 34.27 2.92 0.07 0.84 0.03 0.20 9.38 94.59
039 area 3  ms46.72 0.66 34.91 2.47 0.06 0.92 0.02 0.22 9.27 95.26
039 area 3  ms47.04 0.53 35.48 2.38 0.03 0.85 0.00 0.26 9.88 96.46
039 area 3  ms48.10 0.60 33.68 2.63 0.02 1.14 0.03 0.21 9.17 95.58
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039 area 3  ms47.50 0.60 34.43 2.52 0.03 0.94 0.01 0.22 9.14 95.39
039 area 3  ms46.98 0.54 34.45 2.55 0.03 0.93 0.01 0.24 9.17 94.90
039 area 3  ms46.79 0.52 34.96 2.45 0.03 0.97 0.01 0.26 9.15 95.14
039 area 4  ms46.71 0.96 34.49 2.79 0.05 1.08 0.00 0.26 9.55 95.88
039 area 4  ms46.48 0.99 34.17 2.82 0.04 1.09 0.00 0.27 9.62 95.49
039 area 4  ms46.98 0.94 34.87 2.81 0.05 1.02 0.00 0.28 9.69 96.64
039 area 4  ms47.31 1.03 34.18 2.83 0.02 1.16 0.00 0.26 9.66 96.46
039 area 4  ms47.17 0.99 34.41 2.71 0.03 1.10 0.00 0.27 9.42 96.11
039 area 4  ms47.39 0.97 34.46 2.70 0.03 1.11 0.00 0.28 9.59 96.54
039 area 4  ms47.30 1.03 34.32 2.72 0.04 1.10 0.01 0.23 9.66 96.41
039 area 4  ms47.32 0.97 34.40 2.78 0.04 1.11 0.00 0.26 9.40 96.28
039 area 4  ms47.54 1.00 34.52 2.68 0.01 1.10 0.00 0.27 9.59 96.70
039 area 6  ms47.00 1.17 34.90 2.44 0.02 1.04 0.00 0.28 9.66 96.52
039 area 6  ms46.68 1.53 33.97 2.67 0.02 1.07 0.00 0.25 9.49 95.68
039 area 6  ms48.24 1.10 32.35 2.92 0.03 1.50 0.00 0.25 9.99 96.38
039 area 6  ms34.85 3.19 18.17 23.06 0.21 6.46 0.00 0.06 9.35 95.35
039 area 6  ms46.75 1.35 33.31 2.72 0.01 1.20 0.00 0.24 9.17 94.75
039 area 6  ms47.96 1.35 33.72 2.66 0.01 1.22 0.00 0.27 9.46 96.65
039 area 6  ms47.32 1.26 33.68 2.78 0.02 1.23 0.00 0.28 9.59 96.16
046 area 1 musc47.33 0.99 35.34 1.55 0.01 0.70 0.03 0.90 9.38 96.23
046 area 1 musc45.91 1.02 35.76 1.54 0.00 0.74 0.02 0.82 9.00 94.82
046 area 1 musc46.69 1.03 36.79 1.49 0.01 0.72 0.01 0.83 9.06 96.63
046 area 1 musc46.31 1.08 36.89 1.56 0.00 0.70 0.01 0.84 9.09 96.49
046 area 1 musc45.62 1.13 35.04 1.56 0.01 0.76 0.02 0.75 8.96 93.85
046 area 1 musc46.71 1.04 35.96 1.58 0.01 0.73 0.01 0.81 8.93 95.78
046 area 1 musc46.32 1.07 36.55 1.44 0.00 0.69 0.03 0.83 8.85 95.79
046 area 2 musc45.60 0.56 35.47 1.29 0.00 0.70 0.05 1.09 9.02 93.78
046 area 2 musc48.02 0.62 35.66 1.39 0.00 0.77 0.05 1.06 9.12 96.69
046 area 2 musc44.90 0.53 35.77 1.27 0.00 0.68 0.06 1.21 8.85 93.28
046 area 2 musc43.16 0.55 35.10 1.29 0.00 0.61 0.05 1.23 8.93 90.93
046 area 2 musc18.57 4.25 14.52 12.34 0.22 1.73 0.06 0.56 4.47 56.72
046 area 2 musc34.63 2.14 19.28 20.57 0.03 8.76 0.06 0.22 8.65 94.33
046 area 2 musc34.26 1.88 19.42 18.92 0.00 9.04 0.09 0.29 8.26 92.17
046 area 2 musc33.60 0.36 30.97 6.10 0.00 0.67 0.12 1.39 6.57 79.79
046 area 2 musc45.76 0.56 36.76 1.44 0.01 0.69 0.06 1.33 8.78 95.40
046 area 2 musc44.54 0.69 34.75 2.22 0.01 0.80 0.13 1.14 8.54 92.82
046 area 2 musc37.02 0.43 27.21 3.36 0.01 0.75 0.17 0.97 7.23 77.16
046 area 2 musc46.62 1.02 36.94 1.37 0.00 0.64 0.00 0.88 9.49 96.96
046 area 2 musc46.90 1.07 36.36 1.48 0.00 0.73 0.00 0.81 9.56 96.92
046 area 2 musc47.11 1.13 35.66 1.55 0.00 0.81 0.01 0.77 9.44 96.49
046 area 2 musc46.25 0.99 36.55 1.28 0.00 0.60 0.00 0.85 9.52 96.05
046 area 2 musc44.97 0.87 36.28 2.82 0.00 0.65 0.02 0.82 9.17 95.60
046 area 2 musc46.03 0.44 37.04 1.55 0.00 0.66 0.02 0.83 9.38 95.95
046 area 2 musc46.27 0.62 37.30 1.57 0.00 0.64 0.00 0.86 9.47 96.73
046 area 4 musc46.29 1.04 36.87 1.31 0.00 0.57 0.00 0.84 9.52 96.44
046 area 4 musc46.11 1.12 36.38 1.36 0.01 0.63 0.00 0.85 9.54 96.00
046 area 4 musc46.37 1.09 36.45 1.40 0.00 0.66 0.00 0.77 9.35 96.09
046 area 4 musc46.75 1.24 35.69 1.64 0.01 0.85 0.00 0.80 9.62 96.60
046 area 4 musc46.72 1.26 34.57 1.80 0.00 1.05 0.00 0.72 9.57 95.68
046 area 4 musc47.07 1.16 34.89 1.82 0.00 1.10 0.00 0.71 9.61 96.36
046 area 4 musc46.75 1.16 36.58 1.46 0.00 0.68 0.00 0.81 9.79 97.23
046 area 4 musc47.15 1.17 35.18 1.67 0.00 0.99 0.00 0.76 9.84 96.77
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046 area 4 musc47.55 1.20 34.54 1.77 0.00 1.04 0.01 0.72 9.67 96.50
046 area 4 musc47.21 1.23 34.72 1.69 0.00 0.96 0.02 0.73 9.58 96.13
046 area 5 mus244.71 0.58 36.98 1.81 0.01 0.60 0.06 0.79 8.25 93.80
046 area 5 mus245.64 0.63 37.33 1.43 0.00 0.49 0.07 0.83 9.15 95.56
046 area 5 mus244.61 0.85 36.72 1.84 0.00 0.71 0.04 0.86 9.23 94.85
046 area 5 mus245.08 0.64 38.06 1.27 0.02 0.46 0.01 0.87 9.25 95.65
046 area 5 mus244.36 0.61 36.13 1.14 0.00 0.49 0.03 0.91 9.15 92.83
046 area 5 mus244.86 0.79 35.74 2.00 0.00 0.76 0.01 0.74 8.80 93.70
046 area 5 mus245.40 0.89 37.53 1.82 0.01 0.73 0.05 0.92 9.31 96.66
046 area 3 musc45.82 1.15 36.34 1.55 0.00 0.66 0.00 0.85 9.73 96.10
046 area 3 musc45.73 1.15 36.29 1.58 0.00 0.74 0.00 0.88 9.74 96.10
046 area 3 musc46.90 1.10 34.74 1.82 0.01 0.99 0.00 0.76 9.83 96.15
046 area 3 musc47.02 1.16 34.92 1.72 0.00 1.12 0.00 0.75 9.74 96.42
046 area 3 musc47.33 1.22 34.07 1.83 0.01 1.17 0.00 0.65 9.44 95.73
046 area 3 musc45.69 1.23 35.58 1.53 0.01 0.80 0.00 0.81 9.75 95.42
046 area 3 musc45.33 1.12 36.30 1.36 0.00 0.65 0.00 0.87 9.64 95.27
046 area 3 musc44.93 1.05 36.45 1.47 0.00 0.68 0.00 0.88 9.64 95.10
046 area 3 musc44.59 1.02 36.34 1.42 0.00 0.62 0.00 0.87 9.50 94.37
048 area 1 musc46.49 1.26 35.76 1.18 0.00 0.69 0.02 0.66 8.16 94.22
048 area 1 musc46.60 1.24 35.61 1.27 0.00 0.72 0.01 0.66 8.35 94.45
048 area 1 musc46.33 1.21 35.50 1.26 0.00 0.70 0.00 0.63 8.25 93.88
048 area 1 musc34.21 2.53 18.45 20.19 0.01 8.29 0.00 0.19 9.17 93.04
048 area 1 musc34.46 2.53 18.63 20.20 0.01 8.34 0.00 0.21 9.24 93.62
048 area 1 musc34.21 2.51 18.82 20.58 0.02 8.15 0.01 0.21 9.22 93.73
048 area 1 musc34.37 2.55 18.59 20.29 0.01 8.20 0.00 0.19 9.31 93.50
048 area 1 musc34.01 2.36 18.57 21.88 0.01 7.48 0.01 0.11 9.41 93.84
048 area 1 musc33.40 0.90 32.31 6.21 0.00 6.65 0.66 1.98 0.04 82.15
048 area 1 musc33.62 0.86 32.25 6.77 0.00 6.09 0.60 1.92 0.03 82.16
048 area 1 musc33.20 0.95 31.25 6.29 0.00 6.96 0.66 2.23 0.02 81.56
048 area 1 musc33.00 1.00 32.05 6.64 0.00 6.25 0.22 2.05 0.03 81.23
048 area 1 musc33.25 0.42 32.31 8.55 0.00 5.01 0.38 1.69 0.03 81.64
048 area 1 musc32.92 0.96 32.29 6.09 0.00 6.55 0.72 2.09 0.04 81.65
048 area 1 musc33.04 0.89 32.37 6.06 0.00 6.52 0.68 2.09 0.05 81.70
048 area 2 musc46.81 1.20 34.30 1.34 0.00 0.90 0.02 0.62 8.23 93.43
048 area 2 musc46.33 1.21 35.99 1.44 0.00 0.84 0.02 0.76 8.34 94.94
048 area 2 musc45.92 1.22 34.75 1.28 0.01 0.91 0.01 0.62 8.16 92.88
048 area 2 musc47.60 1.16 36.04 1.26 0.00 0.71 0.04 0.73 8.28 95.81
048 area 2 musc45.23 1.12 35.54 1.19 0.00 0.68 0.03 0.68 8.28 92.74
048 area 2 musc46.71 1.12 35.45 1.24 0.00 0.76 0.02 0.65 8.12 94.07
048 area 2 musc46.87 1.18 35.46 1.28 0.00 0.81 0.00 0.66 8.49 94.75
048 area 2 musc46.16 1.14 35.73 1.26 0.00 0.75 0.01 0.71 8.58 94.34
048 area 2 musc47.55 1.08 35.61 1.24 0.00 0.80 0.00 0.69 8.56 95.53
048 area 2 musc47.23 1.10 35.21 1.22 0.00 0.83 0.00 0.61 8.47 94.68
048 area 2 musc45.96 1.10 35.94 1.39 0.00 0.69 0.00 0.69 8.66 94.44
048 area 2 musc45.80 1.08 36.18 1.34 0.00 0.71 0.03 0.70 8.14 93.98
048 area 2 musc46.70 1.19 35.36 1.38 0.00 0.79 0.01 0.63 8.24 94.28
048 area 2 musc45.80 1.13 35.55 1.30 0.01 0.78 0.00 0.67 8.48 93.71
048 area 2 musc45.86 1.19 35.34 1.40 0.00 0.72 0.00 0.67 8.52 93.71
048 area 3 musc46.28 1.13 36.15 1.47 0.01 0.75 0.04 0.77 8.37 94.97
048 area 3 musc45.84 1.14 35.55 1.46 0.01 0.78 0.02 0.74 8.42 93.97
048 area 3 musc45.15 1.19 34.94 1.44 0.01 0.78 0.04 0.67 8.45 92.68
048 area 3 musc45.81 1.18 35.46 1.13 0.01 0.67 0.05 0.70 8.31 93.33
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048 area 3 musc44.15 1.17 34.93 1.20 0.01 0.74 0.05 0.69 8.06 90.99
048 area 3 musc44.97 1.18 35.11 1.24 0.00 0.75 0.02 0.66 8.44 92.37
048 area 4 musc47.19 1.14 33.56 1.40 0.00 0.82 0.09 0.57 8.30 93.07
048 area 4 musc45.91 1.16 35.83 1.14 0.00 0.57 0.08 0.71 8.58 93.97
048 area 4 musc45.76 1.14 34.69 1.26 0.00 0.73 0.05 0.63 8.34 92.60
048 area 4 musc45.79 1.12 34.42 1.30 0.00 0.70 0.07 0.63 8.36 92.39
048 area 4 musc43.39 0.63 36.32 1.55 0.00 0.46 0.06 0.68 8.44 91.52
048 area 4 musc46.79 1.19 34.73 1.38 0.00 0.70 0.09 0.69 8.84 94.41
048 area 4 musc43.55 1.25 34.42 1.45 0.00 0.68 0.05 0.60 8.40 90.39
048 area 4 musc46.68 1.08 33.95 1.48 0.00 0.84 0.07 0.61 8.50 93.22
048 area 4 musc44.88 1.09 35.02 1.34 0.01 0.78 0.07 0.59 8.24 92.01
048 area 4 musc46.24 1.14 33.86 1.40 0.00 0.86 0.04 0.55 8.29 92.38
048 area 4 musc46.70 1.06 33.98 1.57 0.00 1.04 0.04 0.56 8.35 93.31
048 area 4 musc46.83 1.06 34.71 1.47 0.00 0.99 0.05 0.60 8.23 93.95
048 area 6 ms46.05 0.92 36.35 1.05 0.01 0.66 0.02 0.70 8.50 94.26
048 area 6 ms46.95 0.92 36.06 1.15 0.00 0.71 0.01 0.65 8.61 95.06
048 area 6 ms45.16 1.04 34.86 1.17 0.00 0.62 0.04 0.64 8.28 91.81
048 area 6 ms47.06 1.07 35.63 0.91 0.00 0.60 0.04 0.65 8.38 94.34
048 area 6 ms46.20 1.10 35.78 1.21 0.02 0.72 0.04 0.68 8.34 94.08
048 area 6 ms46.05 1.14 34.43 1.21 0.00 0.73 0.05 0.58 8.04 92.22
048 area 6 ms47.13 1.10 35.81 1.12 0.00 0.71 0.02 0.69 8.47 95.06
048 area 6 ms47.79 1.14 35.20 1.12 0.00 0.71 0.04 0.65 8.36 95.00
048 area 6 ms48.59 1.16 35.60 1.31 0.00 0.77 0.03 0.64 8.54 96.62
048 area 6 ms47.18 1.11 36.55 1.31 0.00 0.72 0.03 0.73 8.33 95.95
048 area 6 ms47.22 1.24 37.02 1.28 0.00 0.65 0.05 0.76 8.10 96.32
048 area 6 ms46.42 1.02 35.43 1.52 0.01 0.66 0.05 0.71 8.38 94.20
048 area 6 ms45.92 1.12 36.54 1.21 0.00 0.70 0.08 0.81 8.29 94.66
048 area 8 musc44.16 0.51 36.33 1.14 0.00 0.58 0.02 0.80 8.72 92.26
048 area 8 musc43.31 1.12 34.81 1.26 0.00 0.72 0.03 0.64 8.27 90.16
048 area 8 musc43.83 1.09 34.81 1.42 0.00 0.80 0.01 0.64 8.48 91.08
048 area 8 musc44.54 1.15 34.38 1.45 0.00 0.89 0.00 0.61 8.54 91.57
048 area 8 musc44.14 1.14 34.22 1.43 0.01 0.86 0.01 0.61 8.51 90.92
048 area 8 musc44.04 1.16 34.32 1.37 0.00 0.83 0.01 0.64 8.57 90.94
048 area 8 musc43.26 1.04 34.84 1.23 0.00 0.69 0.04 0.66 8.33 90.09
048 area 8 musc45.46 1.12 35.41 1.59 0.01 1.02 0.01 0.68 8.41 93.70
048 area 8 musc45.97 1.09 34.62 1.59 0.01 0.96 0.01 0.59 8.37 93.20
051 area 1  ms62.46 0.02 19.27 0.32 0.05 0.00 0.03 1.28 14.79 98.21
051 area 1  ms61.58 0.01 19.22 0.25 0.03 0.00 0.03 1.34 14.57 97.03
051 area 1  ms61.50 0.01 19.21 0.46 0.07 0.00 0.02 1.17 14.89 97.35
051 area 1  ms62.37 0.02 19.26 0.40 0.04 0.00 0.02 1.38 14.55 98.05
051 area 1  ms61.46 0.01 19.33 0.42 0.05 0.00 0.03 1.39 14.55 97.25
051 area 1  ms61.65 0.02 19.21 0.38 0.04 0.00 0.04 1.30 14.69 97.31
051 area 2  ms45.28 0.82 36.77 1.35 0.01 0.77 0.02 0.32 9.57 94.91
051 area 2  ms44.03 0.90 36.88 1.35 0.00 0.65 0.02 0.35 9.60 93.79
051 area 2  ms44.48 0.89 36.96 1.41 0.00 0.67 0.02 0.36 9.48 94.28
051 area 2  ms44.44 0.85 37.21 1.54 0.01 0.66 0.03 0.33 8.89 93.96
051 area 3  ms46.20 1.19 36.39 1.33 0.02 0.55 0.02 0.27 9.32 95.27
051 area 3  ms46.22 1.04 37.15 1.35 0.01 0.62 0.04 0.34 9.53 96.30
051 area 3  ms46.99 1.08 36.57 1.41 0.01 0.70 0.04 0.30 9.43 96.52
051 area 3  ms45.57 1.07 37.00 1.31 0.01 0.56 0.05 0.31 9.39 95.29
051 area 3  ms44.54 1.09 37.66 1.40 0.00 0.60 0.05 0.34 9.30 94.98
051 area 3  ms46.44 0.66 37.19 1.17 0.00 0.62 0.04 0.27 9.45 95.85
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051 area 3  ms45.52 0.53 37.32 1.21 0.00 0.65 0.04 0.28 9.66 95.23
051 area 4  ms44.94 1.19 36.52 1.34 0.02 0.72 0.04 0.35 9.28 94.40
051 area 4  ms44.59 0.85 36.89 1.49 0.00 0.68 0.02 0.37 9.61 94.51
051 area 4  ms44.64 1.09 37.25 1.52 0.01 0.67 0.02 0.39 9.27 94.87
051 area 4  ms44.37 1.22 37.47 1.59 0.02 0.69 0.01 0.37 9.27 95.01
051 area 4  ms44.13 1.13 37.20 1.57 0.01 0.71 0.02 0.38 9.46 94.59
051 area 4  ms43.73 0.97 37.12 1.54 0.02 0.68 0.03 0.39 9.54 94.02
051 area 4  ms44.36 1.02 36.55 1.50 0.01 0.71 0.03 0.34 9.26 93.77
051 area 4  ms44.23 1.00 36.69 1.45 0.01 0.64 0.04 0.36 9.24 93.64
051 area 4  ms45.13 1.09 36.66 1.49 0.00 0.72 0.02 0.33 9.37 94.81
051 area 4  ms45.31 1.10 37.06 1.38 0.01 0.73 0.04 0.37 9.35 95.35
051 area 4  ms 26 .11 0.02 19.39 0.00 0.02 0.01 0.05 2.29 13.19 97.08
051 area 4  ms 261.45 0.01 19.29 0.01 0.00 0.00 0.07 1.61 14.39 96.83
051 area 4  ms 263.96 0.01 19.26 0.01 0.00 0.02 0.08 1.62 14.25 99.21
051 area 4  ms 261.86 0.01 19.41 0.00 0.01 0.00 0.08 1.68 14.19 97.23
051 area 4  ms 261.25 0.01 19.25 0.01 0.00 0.01 0.07 1.46 14.45 96.51
051 area 4  ms 26 .04 0.02 19.45 0.00 0.00 0.01 0.09 1.87 13.86 97.34
051 area 4  ms 26 .23 0.01 20.02 0.01 0.02 0.01 0.09 1.73 13.75 97.87
051 area 4  ms 261.24 0.01 19.18 0.00 0.00 0.01 0.05 1.41 14.70 96.60
051 area 4  ms 261.38 0.01 19.31 0.03 0.02 0.00 0.06 1.36 14.76 96.92
051 area 4  ms 260.83 0.01 19.39 0.04 0.02 0.01 0.06 1.35 14.73 96.44
052 area 3 musc44.29 1.25 34.87 1.43 0.01 0.55 0.03 0.39 8.72 91.54
052 area 3 musc46.84 1.16 33.29 1.29 0.00 0.56 0.02 0.34 8.78 92.27
052 area 3 musc44.19 0.48 32.64 1.41 0.01 0.53 0.03 0.35 8.79 88.43
052 area 3 musc47.96 0.93 33.21 1.41 0.00 0.58 0.03 0.34 8.67 93.12
052 area 3 musc47.89 0.89 35.26 1.49 0.00 0.65 0.07 0.42 8.54 95.21
052 area 3 musc45.19 0.93 34.10 1.38 0.00 0.59 0.01 0.39 8.63 91.22
052 area 3 musc44.48 1.09 33.29 1.33 0.01 0.57 0.05 0.45 10.05 91.31
052 area 3 musc45.15 1.06 33.27 1.37 0.00 0.55 0.01 0.34 8.96 90.70
052 area 3 musc44.97 1.10 32.82 1.41 0.01 0.57 0.02 0.37 9.16 90.42
052 area 3 musc44.36 0.76 35.31 1.51 0.01 0.57 0.01 0.40 9.02 91.95
052 area 3 musc43.24 0.73 33.66 1.39 0.00 0.53 0.04 0.43 9.10 89.12
052 area 3 musc46.86 0.79 35.80 1.34 0.00 0.53 0.01 0.38 9.07 94.77
052 area 3 musc46.76 0.80 35.71 1.44 0.01 0.61 0.00 0.37 9.36 95.06
052 area 3 musc46.45 0.95 35.60 1.38 0.01 0.59 0.00 0.38 9.55 94.91
052 area 3 musc47.74 0.92 35.40 1.40 0.01 0.62 0.01 0.38 9.05 95.52
052 area 3 musc47.05 0.78 35.70 1.37 0.00 0.59 0.00 0.39 9.23 95.11
052 area 3 musc46.78 1.20 35.39 1.45 0.00 0.59 0.00 0.38 9.07 94.86
052 area 3 musc46.68 1.25 35.11 1.46 0.00 0.65 0.00 0.38 9.34 94.87
052 area 3 musc47.14 1.16 35.77 1.28 0.00 0.56 0.00 0.34 9.24 95.50
052 area 3 musc46.22 1.27 35.09 1.37 0.00 0.58 0.00 0.39 9.60 94.52
052 area 3 musc47.09 1.25 35.50 1.43 0.00 0.62 0.00 0.39 9.21 95.48
052 area 3 musc47.30 1.20 35.50 1.33 0.01 0.56 0.00 0.37 9.21 95.48
052 area 4 musc63.59 0.01 18.37 0.18 0.01 0.00 0.02 1.32 15.12 98.61
052 area 4 musc63.36 0.00 18.51 0.18 0.03 0.00 0.02 1.32 15.05 98.48
052 area 4 musc63.28 0.00 18.62 0.18 0.02 0.00 0.02 1.08 15.78 98.97
052 area 4 musc64.12 0.00 18.56 0.17 0.01 0.00 0.02 0.92 15.75 99.55
052 area 4 musc62.75 0.00 18.27 0.21 0.01 0.00 0.00 1.20 15.24 97.69
052 area 4 musc63.36 0.00 18.50 0.04 0.01 0.00 0.02 1.22 15.45 98.60
052 area 4 musc62.98 0.01 18.29 0.15 0.02 0.00 0.03 0.92 15.74 98.14
052 area 4 musc63.04 0.01 18.41 0.11 0.01 0.00 0.04 1.42 15.08 98.11
052 area 4 musc63.25 0.00 18.46 0.05 0.01 0.01 0.03 1.17 15.30 98.29
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Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
052 area 4 musc63.08 0.01 18.35 0.03 0.02 0.00 0.03 1.32 15.07 97.91
052 area 4 musc63.49 0.00 18.46 0.20 0.02 0.00 0.02 1.33 14.91 98.43
052 area 4 musc64.28 0.00 18.96 0.15 0.01 0.00 0.03 1.62 14.13 99.18
052 area 4 musc62.95 0.00 18.29 0.28 0.02 0.00 0.03 1.24 14.45 97.25
052 area 4 musc63.87 0.00 18.45 0.27 0.03 0.00 0.01 1.31 15.12 99.06
052 area 4 musc63.99 0.01 18.58 0.32 0.02 0.00 0.02 1.45 15.09 99.49
052 area 4 musc62.83 0.01 17.80 0.24 0.01 0.00 0.00 1.02 15.25 97.16
052 area 5 ms63.22 0.03 18.62 0.23 0.01 0.00 0.01 1.77 14.45 98.32
052 area 5 ms62.61 0.01 18.32 0.08 0.00 0.00 0.02 1.48 14.99 97.50
052 area 5 ms63.22 0.01 18.40 0.05 0.01 0.00 0.02 1.79 14.62 98.12
052 area 5 ms63.09 0.01 18.43 0.04 0.01 0.00 0.01 1.46 15.30 98.35
052 area 5 ms63.04 0.01 18.57 0.03 0.01 0.00 0.03 1.94 14.69 98.32
052 area 5 ms63.53 0.01 18.40 0.03 0.00 0.00 0.06 1.68 14.84 98.54
052 area 5 ms63.03 0.01 18.31 0.04 0.01 0.00 0.04 1.27 15.12 97.82
052 area 5 ms63.88 0.02 18.51 0.08 0.00 0.00 0.01 1.71 14.53 98.73
052 area 5 ms64.17 0.01 18.57 0.06 0.00 0.01 0.03 1.68 14.77 99.29
052 area 5 ms64.26 0.02 18.62 0.18 0.01 0.00 0.02 2.13 13.62 98.85
052 area 5 ms46.46 0.55 33.77 1.97 0.00 0.86 0.04 0.27 9.11 93.02
052 area 5 ms45.74 1.24 34.11 1.37 0.00 0.52 0.03 0.38 8.70 92.11
052 area 5 ms46.41 1.21 36.04 1.35 0.01 0.56 0.03 0.44 9.28 95.34
052 area 5 ms44.39 0.81 35.50 1.37 0.00 0.55 0.05 0.51 9.38 92.56
052 area 5 ms45.78 0.65 30.11 1.26 0.00 0.58 0.05 0.35 9.85 88.63
052 area 5 ms45.49 0.66 33.70 1.37 0.01 0.52 0.02 0.36 8.85 90.98
052 area 5 ms46.54 0.76 37.07 1.29 0.00 0.54 0.04 0.59 9.74 96.57
052 area 5 ms46.36 0.56 35.53 1.34 0.00 0.53 0.04 0.45 9.39 94.21
052 area 5 ms44.85 0.81 35.15 1.32 0.00 0.63 0.00 0.42 9.37 92.55
052 area 5 ms45.14 1.13 35.24 1.33 0.01 0.52 0.00 0.39 9.34 93.10
052 area 5 ms45.20 1.14 34.85 1.48 0.00 0.60 0.00 0.38 9.16 92.79
052 area 5 ms45.41 1.01 35.28 1.41 0.00 0.51 0.00 0.40 9.09 93.12
052 area 7 ms47.87 0.60 37.09 1.48 0.03 0.57 0.03 0.42 9.15 97.23
052 area 7 ms56.95 0.84 31.37 1.27 0.03 0.55 0.03 0.43 8.65 100.13
052 area 7 ms47.58 0.87 36.54 1.49 0.01 0.59 0.01 0.43 8.96 96.47
052 area 7 ms48.08 0.82 35.29 1.26 0.04 0.52 0.03 0.40 8.82 95.25
052 area 7 ms47.93 0.79 36.29 1.38 0.01 0.56 0.01 0.42 9.10 96.49
052 area 7 ms47.47 0.92 36.18 1.21 0.02 0.55 0.00 0.39 9.04 95.77
052 area 7 ms48.11 0.92 35.89 1.35 0.01 0.60 0.02 0.40 8.96 96.28
052 area 7 ms47.91 0.63 37.02 1.55 0.06 0.58 0.02 0.42 9.11 97.31
052 area 7 ms46.31 1.11 35.45 1.19 0.01 0.56 0.02 0.34 8.98 93.96
052 area 7 ms46.35 0.84 35.32 2.14 0.01 0.65 0.03 0.36 8.95 94.64
052 area 7 ms47.93 0.98 36.10 1.27 0.01 0.53 0.04 0.37 8.82 96.03
052 area 7 ms47.41 0.95 36.07 1.33 0.01 0.61 0.01 0.36 9.07 95.83
052 area 7 ms46.80 0.88 35.85 1.35 0.00 0.55 0.00 0.39 9.06 94.88
052 area 7 ms46.87 0.89 35.79 1.32 0.01 0.58 0.00 0.38 9.19 95.03
052 area 7 ms47.37 1.05 36.23 1.24 0.00 0.53 0.00 0.38 9.50 96.30
052 area 7 ms47.59 1.02 36.03 1.34 0.00 0.63 0.00 0.36 9.14 96.10
052 area 8 ms63.08 0.00 24.00 0.08 0.01 0.00 5.26 8.52 0.16 101.11
052 area 8 ms48.84 1.24 36.09 1.20 0.01 0.58 0.02 0.40 9.07 97.44
052 area 8 ms48.67 1.43 36.58 1.19 0.00 0.45 0.00 0.38 9.34 98.04
052 area 8 ms48.25 1.17 36.71 1.24 0.01 0.50 0.00 0.42 9.39 97.69
052 area 8 ms47.99 1.44 36.26 1.36 0.00 0.56 0.00 0.40 9.10 97.10
052 area 8 ms48.54 1.41 36.36 1.37 0.00 0.59 0.00 0.42 9.02 97.71
052 area 8 ms48.69 1.40 36.35 1.42 0.02 0.56 0.00 0.43 8.98 97.84
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052 area 8 ms48.75 1.22 35.83 1.14 0.00 0.51 0.00 0.36 8.76 96.56
052 area 8 ms48.28 1.23 35.48 1.17 0.01 0.53 0.00 0.32 8.71 95.73
052 area 8 ms47.04 1.18 35.55 1.05 0.00 0.46 0.01 0.31 8.37 93.96
052 area 8 ms49.77 1.28 33.38 1.12 0.01 0.52 0.02 0.30 8.60 94.99
052 area 8 ms48.02 1.34 34.91 1.13 0.00 0.51 0.00 0.31 8.56 94.80
052 area 8 ms48.92 1.28 35.37 1.12 0.01 0.52 0.00 0.34 8.47 96.02
055 area 1 musc45.60 1.13 36.77 1.29 0.01 0.50 0.00 0.46 10.12 95.88
055 area 1 musc45.68 1.22 37.11 1.36 0.01 0.50 0.01 0.46 10.07 96.43
055 area 1 musc45.66 1.07 36.96 1.26 0.00 0.48 0.00 0.48 10.01 95.92
055 area 1 musc45.78 1.11 36.98 1.27 0.02 0.56 0.00 0.46 10.05 96.22
055 area 1 musc45.51 1.01 37.27 1.39 0.00 0.50 0.02 0.50 9.88 96.09
055 area 1 musc45.59 1.12 37.01 1.25 0.00 0.56 0.01 0.45 9.96 95.95
055 area 1 musc45.41 1.17 36.91 1.27 0.00 0.56 0.01 0.46 10.02 95.82
055 area 2 musc41.80 1.35 37.50 1.44 0.03 0.45 0.08 0.57 9.88 93.10
055 area 2 musc44.93 1.01 35.13 1.54 0.03 0.61 0.09 0.48 9.61 93.43
055 area 2 musc46.36 0.85 36.98 1.58 0.03 0.52 0.01 0.44 9.93 96.69
055 area 2 musc44.50 0.88 37.11 1.29 0.01 0.48 0.03 0.49 9.58 94.38
055 area 2 musc45.24 3.92 34.73 1.47 0.01 0.56 0.03 0.42 9.69 96.06
055 area 3 musc46.02 0.96 36.19 1.37 0.01 0.62 0.01 0.46 10.16 95.79
055 area 3 musc46.07 0.86 36.71 1.44 0.01 0.54 0.01 0.50 10.31 96.45
055 area 3 musc46.20 0.83 36.89 1.22 0.01 0.52 0.00 0.52 10.41 96.62
055 area 3 musc46.03 0.84 36.85 1.25 0.04 0.52 0.00 0.51 10.26 96.29
055 area 3 musc46.24 0.86 37.48 1.35 0.01 0.56 0.00 0.47 10.09 97.07
055 area 4 musc46.00 0.76 37.37 1.18 0.04 0.46 0.06 0.58 9.98 96.42
055 area 4 mus47.51 0.97 37.35 1.63 0.06 0.54 0.05 0.61 9.72 98.44
055 area 4 mus46.63 0.67 36.87 1.32 0.02 0.50 0.01 0.50 10.08 96.60
055 area 4 mus46.41 0.96 36.99 1.22 0.00 0.50 0.02 0.50 9.94 96.55
055 area 4 mus46.77 0.64 36.72 1.26 0.00 0.49 0.00 0.45 10.23 96.56
055 area 4 mus46.34 0.84 36.55 1.46 0.02 0.58 0.03 0.45 10.03 96.29
055 area 4 mus46.49 0.97 36.59 1.48 0.02 0.54 0.00 0.44 10.03 96.57
055 area 4 mus47.13 0.97 36.43 1.35 0.01 0.65 0.01 0.49 10.00 97.03
055 area 4 musc46.27 1.52 36.23 1.30 0.02 0.47 0.03 0.37 9.61 95.82
055 area 4 musc46.46 1.07 36.40 1.16 0.00 0.44 0.01 0.42 9.42 95.39
055 area 4 musc46.48 0.86 37.59 1.35 0.00 0.51 0.01 0.50 9.85 97.14
055 area 4 musc46.81 1.04 37.06 1.52 0.01 0.51 0.00 0.37 9.09 96.42
055 area 4 musc45.97 1.09 36.35 1.29 0.02 0.58 0.00 0.42 9.72 95.44
055 area 4 musc46.63 1.21 36.47 1.30 0.00 0.64 0.00 0.43 9.86 96.54
055 area 4 musc46.55 1.63 35.58 1.37 0.00 0.66 0.01 0.40 9.86 96.06
059 area 3 ms62.79 0.00 22.75 0.27 0.00 0.00 4.10 9.06 0.11 99.09
059 area 3 ms61.59 0.00 24.29 0.36 0.00 0.00 4.17 10.19 0.09 100.69
059 area 3 ms62.34 0.00 22.90 0.33 0.02 0.00 4.18 8.61 0.13 98.50
059 area 3 ms61.97 0.00 22.86 0.42 0.00 0.00 4.18 9.31 0.14 98.88
059 area 3 ms61.88 0.00 23.84 0.26 0.01 0.00 4.43 9.73 0.12 100.27
059 area 3 ms61.42 0.00 22.99 0.27 0.01 0.01 4.50 9.05 0.16 98.39
059 area 3 ms61.28 0.00 22.97 0.28 0.00 0.01 4.51 9.08 0.17 98.30
059 area 3 ms61.55 0.00 22.83 0.31 0.01 0.00 4.39 9.04 0.16 98.30
059 area 3 ms62.24 0.00 23.54 0.22 0.01 0.00 4.41 9.28 0.10 99.79
059 area 6 ms45.92 0.52 36.21 1.59 0.00 0.54 0.00 0.38 9.37 94.53
059 area 6 ms45.36 0.60 36.00 1.47 0.00 0.54 0.00 0.42 9.29 93.68
059 area 6 ms45.88 0.59 36.60 1.47 0.00 0.49 0.00 0.42 9.28 94.73
059 area 6 ms45.44 0.56 36.30 1.38 0.00 0.44 0.00 0.43 9.24 93.78
059 area 6 ms43.78 0.61 34.39 1.49 0.00 0.57 0.04 0.44 10.05 91.36
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059 area 6 ms46.06 0.66 36.00 1.53 0.00 0.56 0.00 0.41 9.14 94.36
059 area 6 ms46.62 0.61 36.43 1.36 0.00 0.48 0.04 0.43 8.96 94.93
059 area 6 ms45.84 0.59 36.34 1.43 0.00 0.48 0.00 0.38 9.05 94.10
059 area 6 ms46.55 0.48 36.14 1.43 0.00 0.61 0.02 0.34 9.27 94.83
059 area 6 ms46.05 0.41 36.76 1.25 0.00 0.46 0.00 0.40 9.25 94.59
059 area 6 ms45.48 0.70 36.49 1.13 0.00 0.44 0.00 0.37 9.25 93.85
059 area 6 ms64.70 0.01 18.78 0.46 0.01 0.00 0.03 1.12 15.34 100.44
059 area 6 ms57.23 0.09 18.28 3.60 0.04 1.07 0.03 0.61 14.74 95.69
059 area 6 ms64.67 0.01 18.83 0.28 0.01 0.00 0.04 1.48 15.21 100.53
059 area 6 ms65.09 0.01 18.80 0.24 0.01 0.00 0.04 1.35 15.15 100.68
059 area 6 ms64.86 0.01 18.71 0.21 0.00 0.00 0.03 1.22 15.47 100.51
059 area 6 ms65.92 0.00 18.69 0.53 0.03 0.00 0.02 1.13 15.62 101.94
059 area 6 ms65.02 0.01 18.60 0.26 0.01 0.00 0.01 0.82 16.10 100.84
059 area 6 ms64.61 0.01 18.67 0.12 0.01 0.00 0.03 1.09 15.80 100.34
059 area 6 ms63.87 0.00 22.66 0.45 0.02 0.00 3.82 9.14 0.15 100.11
APPENDIX B: Complete Microprobe analyses for plagioclase 
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
032 area 1 plag61.32 0.00 25.34 0.01 0.00 0.00 6.43 8.27 0.08 101.45
032 area 1 plag60.83 0.00 22.16 0.00 0.00 0.00 5.97 8.28 0.09 97.34
032 area 1 plag61.89 0.00 24.99 0.00 0.01 0.00 5.75 8.43 0.07 101.14
032 area 1 plag61.44 0.00 25.11 0.00 0.00 0.00 6.25 8.26 0.06 101.13
032 area 2 plag62.99 0.00 24.30 0.06 0.00 0.00 4.81 8.90 0.08 101.15
032 area 2 plag61.74 0.00 24.75 0.03 0.00 0.00 5.54 8.88 0.10 101.03
032 area 2 plag60.78 0.00 25.18 0.04 0.01 0.00 6.12 8.41 0.07 100.61
032 area 2 plag61.42 0.00 24.92 0.12 0.00 0.01 5.76 8.67 0.07 100.97
032 area 2 plag61.30 0.00 24.23 0.09 0.01 0.00 5.00 9.26 0.08 99.98
032 area 2 plag61.21 0.00 24.35 0.01 0.01 0.00 4.98 9.13 0.10 99.79
032 area 2 plag61.68 0.00 23.99 0.00 0.00 0.00 4.61 9.29 0.10 99.67
032 area 4 plag61.15 0.01 24.64 0.08 0.00 0.00 5.70 8.74 0.07 100.39
032 area 4 plag61.12 0.02 25.53 0.09 0.01 0.00 5.45 9.39 0.11 101.72
032 area 4 plag61.38 0.00 25.03 0.05 0.01 0.00 5.79 8.73 0.06 101.07
032 area 4 plag61.05 0.00 25.00 0.06 0.00 0.00 5.76 8.71 0.07 100.65
032 area 5 plag61.46 0.00 25.03 0.00 0.00 0.00 5.77 8.55 0.08 100.89
032 area 5 plag61.83 0.00 24.80 0.00 0.01 0.00 5.56 8.73 0.09 101.02
032 area 5 plag61.38 0.01 24.75 0.00 0.00 0.00 5.57 8.70 0.11 100.53
032 area 5 plag61.43 0.00 24.87 0.00 0.00 0.00 5.72 8.59 0.08 100.69
032 area 5 plag61.59 0.00 24.88 0.00 0.00 0.00 5.68 8.58 0.10 100.82
032 area 5 plag61.58 0.00 24.99 0.00 0.00 0.00 5.75 8.77 0.11 101.21
032 area 5 plag61.49 0.00 24.90 0.01 0.01 0.00 5.67 8.58 0.07 100.73
032 area 6 plag60.01 0.00 24.82 0.04 0.00 0.00 5.92 8.57 0.08 99.44
032 area 6 plag60.38 0.00 24.72 0.02 0.00 0.00 5.49 8.82 0.09 99.53
032 area 6 plag60.36 0.00 24.51 0.02 0.01 0.00 5.52 8.75 0.09 99.25
032 area 6 plag60.52 0.00 24.35 0.00 0.00 0.00 5.47 8.69 0.11 99.14
032 area 6 plag60.33 0.00 26.13 0.03 0.00 0.00 5.77 9.30 0.09 101.63
032 area 6 plag61.06 0.00 24.36 0.02 0.00 0.00 5.53 8.77 0.08 99.82
035 area 1 plag63.52 0.00 24.17 0.00 0.00 0.00 4.82 8.57 0.11 101.19
035 area 1 plag63.30 0.00 24.09 0.05 0.00 0.00 4.85 8.64 0.11 101.04
035 area 1 plag63.07 0.00 24.09 0.04 0.01 0.00 4.84 8.68 0.15 100.88
035 area 1 plag63.45 0.00 24.03 0.04 0.00 0.00 4.82 8.71 0.15 101.21
035 area 1 plag63.30 0.00 24.26 0.04 0.00 0.00 4.80 8.56 0.14 101.11
035 area 1 plag63.34 0.01 24.26 0.03 0.00 0.00 4.90 8.46 0.16 101.16
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035 area 1 plag63.36 0.00 24.13 0.05 0.00 0.00 4.87 8.53 0.15 101.09
035 area 1 plag63.98 0.01 24.15 0.21 0.01 0.06 4.74 8.20 0.22 101.60
035 area 1 plag63.04 0.00 24.14 0.04 0.02 0.00 4.90 8.50 0.17 100.81
035 area 1 plag63.39 0.00 24.20 0.07 0.01 0.01 4.90 8.54 0.16 101.29
035 area 1 plag63.08 0.01 24.24 0.07 0.01 0.01 4.97 8.43 0.18 100.98
035 area 1 plag62.95 0.01 24.17 0.03 0.01 0.00 4.96 8.44 0.16 100.73
035 area 1 plag63.32 0.00 24.34 0.04 0.00 0.00 4.95 7.91 0.15 100.71
035 area 1 plag63.43 0.00 24.10 0.05 0.00 0.00 4.89 8.62 0.15 101.25
035 area 1 plag61.32 0.00 23.57 0.05 0.00 0.01 4.98 7.95 0.14 98.02
035 area 1 plag63.15 0.00 24.26 0.06 0.00 0.00 4.90 8.71 0.11 101.19
035 area 1 plag62.82 0.00 24.32 0.08 0.01 0.01 5.19 8.49 0.09 101.01
035 area 1 plag63.02 0.00 24.09 0.03 0.00 0.00 4.89 8.74 0.09 100.86
035 area 1 plag63.21 0.00 24.15 0.03 0.02 0.00 4.84 8.78 0.08 101.11
035 area 2 plag62.51 0.00 23.94 0.02 0.01 0.00 4.78 8.91 0.09 100.26
035 area 2 plag62.10 0.00 24.23 0.02 0.01 0.00 5.12 8.44 0.09 100.02
035 area 2 plag59.47 0.00 21.68 0.03 0.00 0.00 4.78 7.03 0.08 93.07
035 area 2 plag62.62 0.00 23.79 0.03 0.00 0.00 4.53 9.04 0.12 100.12
035 area 2 plag63.65 0.01 23.80 0.05 0.00 0.00 4.51 8.72 0.14 100.87
035 area 2 plag63.27 0.00 23.71 0.04 0.01 0.00 4.51 8.91 0.14 100.58
035 area 2 plag63.13 0.00 23.71 0.03 0.00 0.00 4.54 8.27 0.13 99.81
035 area 2 plag63.23 0.00 23.82 0.02 0.00 0.00 4.49 8.84 0.15 100.54
035 area 2 plag63.02 0.00 23.70 0.03 0.02 0.00 4.47 8.96 0.13 100.33
035 area 2 plag62.50 0.00 23.88 0.03 0.00 0.00 4.66 8.85 0.11 100.03
039 area 1  plag60.02 0.01 25.15 0.49 0.06 0.00 5.54 8.58 0.15 100.00
039 area 1  plag60.60 0.01 25.08 0.43 0.06 0.00 5.36 8.55 0.20 100.29
039 area 1  plag60.21 0.01 25.11 0.25 0.04 0.01 5.50 8.39 0.19 99.70
039 area 1  plag59.83 0.01 24.84 0.10 0.01 0.01 5.27 8.59 0.23 98.89
039 area 1  plag60.47 0.00 24.72 0.16 0.02 0.00 5.21 8.58 0.24 99.39
039 area 2  plag54.85 0.00 21.87 0.05 0.00 0.01 4.47 7.61 0.22 89.08
039 area 2  plag60.51 0.00 24.45 0.01 0.00 0.01 5.00 8.79 0.20 98.97
039 area 2  plag60.70 0.00 24.51 0.02 0.01 0.00 5.03 8.72 0.16 99.15
039 area 2  plag61.07 0.00 24.57 0.04 0.01 0.01 5.03 8.84 0.18 99.76
039 area 2  plag60.87 0.00 24.51 0.04 0.01 0.01 5.01 8.71 0.20 99.37
039 area 2  plag61.08 0.00 24.57 0.03 0.01 0.00 5.00 8.72 0.20 99.61
039 area 2  plag60.59 0.00 24.46 0.06 0.01 0.00 5.14 8.74 0.20 99.19
039 area 2  plag95.12 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.01 95.20
039 area 2  plag61.09 0.00 24.67 0.05 0.00 0.00 4.89 8.11 0.21 99.01
039 area 2  plag60.01 0.01 24.34 0.07 0.00 0.00 4.87 8.81 0.23 98.35
039 area 2  plag59.32 0.01 24.32 0.07 0.01 0.01 5.04 8.78 0.13 97.67
039 area 3  plag62.18 0.00 24.38 0.06 0.00 0.01 4.86 8.61 0.28 100.38
039 area 3  plag61.43 0.00 24.35 0.02 0.02 0.00 4.90 8.67 0.30 99.69
039 area 3  plag62.25 0.00 24.22 0.02 0.01 0.00 4.63 8.76 0.28 100.18
039 area 3  plag62.13 0.00 24.15 0.02 0.01 0.00 4.58 8.74 0.36 99.99
039 area 3  plag62.63 0.00 24.02 0.01 0.00 0.00 4.48 8.76 0.36 100.26
039 area 3  plag61.09 0.00 24.07 0.02 0.00 0.00 4.54 8.78 0.36 98.87
039 area 3  plag61.07 0.00 24.29 0.00 0.00 0.00 4.70 8.73 0.34 99.14
039 area 3  plag61.76 0.00 24.27 0.01 0.01 0.00 4.75 8.84 0.28 99.92
039 area 3  plag60.94 0.00 24.16 0.04 0.01 0.01 4.85 8.38 0.23 98.60
039 area 7  plag60.01 0.00 25.13 0.12 0.01 0.01 5.88 8.23 0.24 99.63
039 area 7  plag57.45 0.00 24.91 0.06 0.00 0.02 6.37 7.72 0.27 96.80
039 area 7  plag59.27 0.00 25.29 0.01 0.00 0.01 6.09 8.13 0.30 99.10
039 area 7  plag59.68 0.00 25.06 0.01 0.01 0.00 5.70 8.16 0.34 98.96
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039 area 7  plag58.93 0.00 25.26 0.02 0.00 0.00 6.04 8.07 0.31 98.62
039 area 7  plag58.50 0.00 25.33 0.00 0.00 0.01 6.14 8.09 0.30 98.37
039 area 7  plag58.57 0.01 25.67 0.02 0.01 0.00 6.49 7.65 0.27 98.70
039 area 7  plag58.80 0.00 25.56 0.02 0.00 0.02 6.29 7.84 0.25 98.79
039 area 7  plag59.06 0.01 25.37 0.06 0.00 0.02 6.05 8.13 0.17 98.88
039 area 8  plag60.33 0.00 25.31 0.06 0.01 0.00 5.93 8.23 0.21 100.09
039 area 8  plag60.24 0.00 25.33 0.09 0.02 0.00 5.96 8.10 0.21 99.95
039 area 8  plag59.56 0.01 25.25 0.07 0.01 0.01 5.88 8.42 0.11 99.32
039 area 8  plag59.35 0.00 25.53 0.09 0.00 0.01 6.05 8.07 0.14 99.25
039 area 8  plag58.90 0.00 25.52 0.05 0.00 0.00 6.24 8.06 0.21 98.99
039 area 8  plag59.22 0.00 25.32 0.00 0.01 0.00 6.02 8.08 0.11 98.77
039 area 8  plag59.57 0.00 25.34 0.00 0.01 0.00 6.00 8.12 0.22 99.25
039 area 8  plag59.34 0.00 25.34 0.00 0.02 0.00 6.00 8.00 0.20 98.90
039 area 8  plag59.33 0.00 25.30 0.00 0.01 0.00 6.01 8.07 0.20 98.93
039 area 8  plag59.36 0.00 25.27 0.01 0.01 0.01 5.92 8.11 0.12 98.82
044 area 1  plag58.36 0.00 25.74 0.00 0.01 0.00 6.72 7.78 0.31 98.92
044 area 1  plag58.28 0.00 25.79 0.01 0.00 0.00 6.80 7.67 0.32 98.88
044 area 1  plag58.30 0.00 25.90 0.00 0.00 0.00 6.83 7.68 0.31 99.02
044 area 1  plag58.41 0.00 26.08 0.01 0.00 0.00 6.86 7.73 0.28 99.37
044 area 1  plag59.44 0.00 25.86 0.01 0.01 0.01 6.80 7.77 0.17 100.07
044 area 1  plag60.82 0.01 24.45 0.01 0.01 0.00 5.21 8.66 0.13 99.30
044 area 1  plag59.55 0.01 25.45 0.02 0.00 0.00 6.32 7.92 0.22 99.49
044 area 1  plag59.35 0.00 25.64 0.01 0.00 0.01 6.55 7.60 0.28 99.44
044 area 1  plag59.38 0.00 25.55 0.01 0.01 0.01 6.47 7.75 0.33 99.52
044 area 1  plag59.37 0.00 25.57 0.00 0.00 0.01 6.49 7.82 0.29 99.56
044 area 1  plag60.21 0.01 25.25 0.00 0.01 0.01 6.04 8.10 0.27 99.89
044 area 1  plag60.06 0.00 25.15 0.01 0.00 0.00 6.01 8.15 0.18 99.56
044 area 1  plag59.17 0.00 25.67 0.10 0.00 0.01 6.59 7.78 0.17 99.49
044 area 3  plag74.66 0.01 6.76 1.30 0.08 0.05 1.56 2.13 0.69 87.23
044 area 3  plag48.13 0.00 28.12 0.25 0.03 0.00 6.58 8.83 0.18 92.12
044 area 3  plag55.51 0.00 25.53 0.56 0.04 0.04 1.69 7.74 2.59 93.72
044 area 3  plag54.95 0.00 28.10 0.51 0.07 0.01 6.33 8.49 0.19 98.65
044 area 3  plag60.91 0.01 24.70 0.28 0.03 0.00 5.75 8.06 0.23 99.98
044 area 3  plag56.98 0.00 27.13 0.26 0.02 0.01 6.51 8.82 0.14 99.88
044 area 3  plag58.30 0.00 25.87 0.14 0.02 0.00 6.50 8.09 0.10 99.03
044 area 3  plag59.94 0.00 26.42 0.14 0.01 0.01 6.24 7.18 0.13 100.08
044 area 3  plag58.18 0.00 25.71 0.09 0.00 0.00 6.47 7.99 0.11 98.56
044 area 4  plag57.89 0.00 25.52 0.02 0.00 0.00 6.52 7.89 0.20 98.05
044 area 4  plag58.18 0.00 25.56 0.02 0.02 0.01 6.57 7.92 0.24 98.51
044 area 4  plag58.69 0.00 25.05 0.03 0.00 0.00 6.07 8.22 0.27 98.33
044 area 4  plag59.25 0.00 24.92 0.00 0.00 0.00 5.87 8.30 0.22 98.56
044 area 4  plag59.20 0.01 25.05 0.00 0.02 0.00 5.92 8.32 0.19 98.72
044 area 4  plag59.58 0.00 25.00 0.00 0.01 0.01 5.95 8.20 0.23 98.98
044 area 4  plag59.86 0.00 24.99 0.01 0.00 0.01 5.78 8.32 0.19 99.17
044 area 5  plag58.35 0.00 25.94 0.21 0.02 0.00 7.02 7.56 0.17 99.28
044 area 5  plag56.89 0.00 26.10 0.18 0.02 0.00 7.05 7.72 0.18 98.14
044 area 5  plag57.46 0.00 25.84 0.08 0.01 0.00 6.97 7.70 0.13 98.20
044 area 5  plag57.26 0.00 25.89 0.03 0.02 0.02 6.98 7.77 0.14 98.10
044 area 8  plag58.35 0.01 23.95 0.45 0.03 0.02 6.45 7.11 0.18 96.54
044 area 8  plag56.93 0.00 26.90 0.26 0.02 0.02 7.69 7.32 0.17 99.32
044 area 8  plag58.23 0.02 25.49 0.21 0.01 0.00 6.48 8.03 0.20 98.67
044 area 8  plag59.16 0.00 25.50 0.41 0.05 0.01 6.52 7.55 0.13 99.35
149
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
044 area 8  plag57.47 0.01 26.86 0.43 0.04 0.02 6.48 8.62 0.16 100.10
044 area 8  plag58.02 0.00 25.43 0.24 0.02 0.02 6.57 7.72 0.13 98.15
046 area 1 plag65.80 0.00 23.09 0.00 0.01 0.00 3.02 9.97 0.06 101.94
046 area 1 plag65.60 0.00 23.03 0.00 0.00 0.00 3.02 9.94 0.07 101.67
046 area 1 plag65.75 0.00 22.95 0.00 0.00 0.00 3.02 9.72 0.08 101.53
046 area 1 plag64.90 0.00 22.88 0.00 0.00 0.00 3.30 9.65 0.09 100.83
046 area 1 plag65.35 0.00 22.77 0.00 0.00 0.00 2.98 9.97 0.09 101.15
046 area 1 plag65.67 0.00 22.65 0.00 0.00 0.00 3.00 9.87 0.10 101.29
046 area 2 plag64.99 0.00 23.33 0.12 0.01 0.00 3.39 9.29 0.08 101.21
046 area 2 plag64.45 0.00 23.26 0.04 0.00 0.00 3.23 9.30 0.09 100.36
046 area 2 plag64.43 0.00 23.46 0.02 0.00 0.00 3.38 9.92 0.09 101.30
046 area 3 plag63.97 0.00 22.87 0.01 0.00 0.00 3.02 10.09 0.09 100.06
046 area 3 plag63.15 0.00 23.13 0.03 0.01 0.00 3.30 10.00 0.06 99.69
046 area 3 plag63.61 0.00 23.05 0.00 0.00 0.00 3.11 10.17 0.09 100.03
046 area 4 plag64.81 0.00 23.18 0.01 0.00 0.00 3.00 10.08 0.09 101.17
046 area 4 plag65.35 0.00 22.40 0.00 0.01 0.00 2.45 10.41 0.14 100.76
046 area 4 plag65.19 0.00 22.31 0.00 0.00 0.00 2.46 10.44 0.16 100.56
046 area 4 plag65.60 0.00 22.51 0.00 0.00 0.00 2.40 10.46 0.17 101.13
046 area 4 plag65.75 0.00 22.22 0.00 0.00 0.00 2.42 10.44 0.13 100.96
046 area 4 plag65.58 0.00 22.49 0.00 0.00 0.00 2.40 10.41 0.11 101.00
046 area 4 plag65.65 0.01 22.38 0.00 0.01 0.00 2.47 10.32 0.10 100.92
046 area 4 plag65.90 0.00 22.31 0.00 0.00 0.00 2.51 10.29 0.10 101.11
046 area 4 plag65.71 0.00 22.45 0.00 0.01 0.00 2.61 10.25 0.09 101.12
046 area 4 plag65.90 0.00 22.23 0.05 0.00 0.00 2.70 10.21 0.08 101.16
046 area 5 plag264.14 0.00 23.26 0.11 0.00 0.00 3.69 9.63 0.08 100.91
046 area 5 plag257.16 0.00 20.10 0.08 0.00 0.00 3.17 8.40 0.10 89.01
046 area 5 plag263.56 0.01 21.60 2.07 0.00 0.49 1.72 9.95 0.11 99.51
046 area 5 plag244.52 0.05 21.78 17.98 0.05 4.42 1.58 5.35 0.21 95.94
046 area 5 plag264.34 0.01 23.13 0.28 0.00 0.00 3.32 9.95 0.07 101.10
048 area 6 plag58.01 0.00 24.66 0.04 0.00 0.00 5.98 8.02 0.10 96.81
048 area 6 plag57.65 0.00 24.25 0.02 0.00 0.01 5.76 8.27 0.11 96.06
048 area 6 plag57.90 0.00 24.25 0.02 0.00 0.01 5.55 8.48 0.08 96.30
048 area 6 plag57.90 0.01 23.71 0.02 0.00 0.00 5.19 8.42 0.15 95.40
048 area 6 plag56.71 0.00 24.16 0.00 0.01 0.01 5.90 8.09 0.15 95.03
048 area 6 plag58.82 0.00 23.83 0.01 0.00 0.00 5.20 8.17 0.12 96.14
048 area 6 plag58.36 0.00 23.55 0.02 0.00 0.00 4.92 8.69 0.17 95.71
048 area 6 plag58.48 0.00 23.54 0.00 0.00 0.01 4.90 8.68 0.16 95.77
048 area 6 plag57.74 0.00 23.65 0.00 0.01 0.00 5.14 8.21 0.16 94.91
048 area 6 plag57.67 0.00 23.52 0.01 0.00 0.02 5.09 8.54 0.18 95.03
048 area 6 plag59.89 0.00 23.74 0.01 0.00 0.00 5.03 8.58 0.19 97.44
048 area 6 plag59.68 0.00 24.15 0.03 0.01 0.00 5.49 8.25 0.18 97.78
048 area 6 plag59.18 0.00 23.36 0.01 0.00 0.00 4.88 8.06 0.15 95.64
048 area 6 plag60.26 0.00 23.89 0.02 0.00 0.00 4.96 8.56 0.17 97.86
048 area 6 plag63.52 0.00 24.94 0.03 0.00 0.00 4.81 8.26 0.16 101.72
048 area 6 plag61.06 0.00 23.92 0.01 0.01 0.00 4.93 8.59 0.21 98.72
048 area 6 plag62.75 0.00 23.36 0.02 0.00 0.00 4.13 8.47 0.22 98.95
048 area 6 plag58.17 0.00 24.69 0.02 0.00 0.00 5.92 8.34 0.12 97.27
048 area 8 plag59.07 0.00 24.33 0.01 0.00 0.00 5.64 8.35 0.14 97.54
048 area 8 plag58.79 0.00 24.39 0.03 0.00 0.00 5.64 8.40 0.11 97.36
048 area 8 plag58.76 0.00 23.56 0.03 0.00 0.00 5.20 7.14 0.19 94.88
048 area 8 plag59.47 0.00 23.85 0.04 0.00 0.00 5.00 8.71 0.20 97.27
048 area 8 plag59.02 0.00 23.69 0.02 0.00 0.00 4.91 8.69 0.20 96.52
150
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
048 area 8 plag59.09 0.00 23.64 0.02 0.01 0.00 4.89 8.69 0.21 96.56
048 area 8 plag58.09 0.00 23.48 0.00 0.00 0.00 4.91 8.62 0.23 95.32
048 area 8 plag58.42 0.00 23.63 0.01 0.00 0.00 5.03 8.57 0.21 95.88
048 area 8 plag57.97 0.00 23.59 0.02 0.00 0.00 5.05 8.43 0.21 95.28
048 area 8 plag58.25 0.00 23.50 0.02 0.00 0.01 5.06 8.40 0.19 95.43
048 area 8 plag58.08 0.00 23.60 0.03 0.01 0.01 5.02 8.43 0.20 95.39
048 area 8 plag59.21 0.00 23.71 0.02 0.00 0.00 4.97 8.75 0.21 96.87
048 area 8 plag for real58.95 0.00 24.32 0.04 0.00 0.02 5.67 8.16 0.13 97.29
048 area 8 plag for real58.87 0.00 24.44 0.04 0.00 0.00 5.66 8.13 0.13 97.26
048 area 8 plag for real58.78 0.00 24.46 0.02 0.00 0.00 5.56 8.30 0.14 97.27
048 area 8 plag for real59.88 0.01 24.11 0.01 0.00 0.00 4.94 7.93 0.20 97.08
048 area 8 plag for real58.19 0.00 23.83 0.05 0.01 0.00 5.13 8.44 0.22 95.88
048 area 8 plag for real57.98 0.00 23.62 0.02 0.00 0.01 5.04 8.64 0.21 95.52
048 area 8 plag for real58.09 0.00 23.75 0.04 0.00 0.00 5.06 8.39 0.17 95.51
048 area 8 plag for real57.76 0.00 23.42 0.03 0.00 0.01 4.99 8.45 0.19 94.85
048 area 8 plag for real57.54 0.00 23.56 0.03 0.00 0.00 5.01 8.58 0.18 94.90
048 area 8 plag for real58.32 0.00 23.08 0.02 0.00 0.00 4.36 8.86 0.14 94.78
048 area 8 plag for real57.79 0.00 22.81 0.04 0.00 0.00 4.24 9.09 0.10 94.07
048 area 8 plag for real58.04 0.00 23.12 0.05 0.00 0.00 4.39 8.92 0.09 94.61
051 area 1  plag59.72 0.00 24.63 0.06 0.01 0.01 5.47 8.46 0.16 98.52
051 area 1  plag62.25 0.01 19.07 0.13 0.03 0.00 0.03 0.73 15.54 97.78
051 area 1  plag59.81 0.00 24.63 0.08 0.02 0.00 5.61 8.36 0.19 98.70
051 area 1  plag59.16 0.01 24.68 0.10 0.01 0.00 5.67 8.40 0.20 98.22
051 area 1  plag59.04 0.00 24.74 0.06 0.03 0.01 5.61 8.37 0.23 98.09
051 area 1  plag59.12 0.00 24.50 0.04 0.01 0.00 5.37 8.55 0.18 97.77
051 area 1  plag59.30 0.01 24.76 0.14 0.02 0.00 5.60 8.42 0.20 98.45
051 area 1  plag60.09 0.00 24.87 0.20 0.03 0.02 5.58 8.40 0.18 99.36
051 area 1  plag58.92 0.00 24.92 0.13 0.03 0.00 5.66 8.47 0.17 98.30
051 area 1  plag59.36 0.01 24.92 0.19 0.04 0.00 5.65 8.49 0.15 98.80
051 area 2  plag60.23 0.00 24.90 0.18 0.02 0.01 5.67 8.32 0.22 99.55
051 area 2  plag60.21 0.00 24.89 0.16 0.01 0.01 5.60 8.28 0.15 99.29
051 area 2  plag60.17 0.00 24.67 0.09 0.01 0.01 5.63 8.24 0.19 99.01
051 area 2  plag60.09 0.00 24.79 0.03 0.01 0.00 5.61 8.30 0.22 99.05
051 area 2  plag60.22 0.01 25.01 0.06 0.00 0.02 5.60 8.45 0.19 99.54
051 area 2  plag60.29 0.01 24.95 0.12 0.03 0.00 5.56 8.38 0.20 99.55
051 area 2  plag60.24 0.00 25.00 0.11 0.01 0.00 5.71 8.23 0.21 99.51
051 area 2  plag60.27 0.00 24.97 0.20 0.02 0.01 5.64 8.36 0.17 99.64
051 area 3  plag59.13 0.00 24.79 0.00 0.02 0.01 5.61 8.25 0.32 98.13
051 area 3  plag59.16 0.00 24.66 0.01 0.00 0.01 5.36 8.41 0.37 97.99
051 area 3  plag59.39 0.00 24.63 0.00 0.01 0.00 5.32 8.33 0.41 98.10
051 area 3  plag59.82 0.00 24.71 0.00 0.02 0.00 5.34 8.35 0.40 98.64
051 area 3  plag59.74 0.01 24.57 0.00 0.01 0.00 5.34 8.38 0.39 98.44
051 area 3  plag59.84 0.00 24.68 0.00 0.00 0.01 5.32 8.29 0.37 98.51
051 area 3  plag59.83 0.00 24.79 0.02 0.01 0.00 5.37 8.39 0.37 98.78
051 area 3  plag59.45 0.00 24.98 0.02 0.01 0.00 5.65 8.24 0.38 98.74
051 area 3  plag59.81 0.00 24.97 0.00 0.01 0.00 5.65 8.26 0.36 99.07
051 area 3  plag59.82 0.00 25.00 0.00 0.00 0.01 5.70 8.35 0.25 99.13
051 area 3  plag60.35 0.01 25.09 0.09 0.01 0.00 5.69 8.43 0.27 99.93
051 area 4  plag60.56 0.00 24.57 0.08 0.00 0.01 5.38 8.83 0.27 99.69
051 area 4  plag60.58 0.00 24.19 0.00 0.01 0.01 5.01 8.86 0.43 99.08
051 area 4  plag60.27 0.00 24.30 0.00 0.01 0.00 5.03 8.83 0.45 98.91
051 area 4  plag59.79 0.00 24.29 0.01 0.00 0.00 5.06 8.80 0.47 98.42
151
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
051 area 4  plag59.87 0.00 24.26 0.02 0.00 0.00 5.05 8.80 0.46 98.46
051 area 4  plag59.57 0.00 24.40 0.01 0.01 0.01 5.31 8.71 0.36 98.39
052 area 1 fld62.80 0.00 18.78 0.03 0.01 0.00 0.04 1.33 15.04 98.03
052 area 1 fld63.64 0.01 19.18 0.02 0.00 0.00 0.05 2.36 13.15 98.41
052 area 1 fld63.02 0.00 18.97 0.03 0.01 0.00 0.04 1.44 14.91 98.43
052 area 1 fld62.91 0.01 18.95 0.03 0.00 0.00 0.04 1.45 15.10 98.48
052 area 1 fld64.11 0.00 19.18 0.02 0.01 0.00 0.05 1.99 13.67 99.03
052 area 1 fld63.09 0.00 18.86 0.02 0.00 0.00 0.02 1.54 15.06 98.60
052 area 1 fld62.57 0.00 18.89 0.02 0.00 0.00 0.06 1.38 15.07 97.98
052 area 1 fld62.56 0.01 18.90 0.03 0.00 0.01 0.05 1.46 14.81 97.82
052 area 1 fld62.91 0.00 18.92 0.04 0.00 0.00 0.04 1.39 15.02 98.32
052 area 1 fld62.74 0.00 18.84 0.02 0.00 0.00 0.01 1.31 14.95 97.87
052 area 1 fld63.08 0.01 18.95 0.04 0.01 0.00 0.03 1.37 15.28 98.75
052 area 1 fld63.10 0.01 18.95 0.04 0.01 0.00 0.01 1.22 15.23 98.56
052 area 2 fld61.65 0.00 23.72 0.36 0.03 0.00 4.83 8.52 0.17 99.27
052 area 2 fld62.86 0.00 24.09 0.53 0.05 0.00 4.76 8.51 0.19 100.99
052 area 2 fld61.50 0.00 23.45 0.41 0.04 0.04 4.55 7.18 0.24 97.41
052 area 2 fld22.59 0.01 16.16 20.07 1.78 0.52 0.94 1.72 0.31 64.09
052 area 2 fld62.91 0.00 23.91 0.48 0.04 0.01 4.71 8.04 0.26 100.35
052 area 2 fld44.80 0.01 21.07 7.08 0.47 0.16 1.41 7.56 0.62 83.16
052 area 2 fld60.82 0.00 24.36 0.21 0.01 0.00 5.49 8.18 0.24 99.31
052 area 2 fld62.14 0.00 23.61 0.20 0.02 0.01 4.49 8.41 0.23 99.10
052 area 2 fld50.75 0.00 34.68 1.15 0.05 0.08 0.35 2.48 6.98 96.53
052 area 2 fld60.15 0.00 24.22 0.06 0.01 0.00 5.42 8.29 0.28 98.43
052 area 2 fld60.50 0.00 24.26 0.08 0.00 0.00 5.45 8.16 0.27 98.73
052 area 2 fld53.56 0.03 24.28 0.66 0.04 0.09 4.08 8.32 0.44 91.50
052 area 2 fld44.44 0.65 34.18 1.62 0.02 0.58 0.04 0.39 9.67 91.58
052 area 2 fld45.41 0.61 36.15 1.60 0.02 0.60 0.03 0.40 9.17 93.99
052 area 2 fld34.48 2.79 16.61 19.77 0.08 8.06 0.09 0.21 9.38 91.47
052 area 2 fld43.84 0.92 35.39 1.48 0.00 0.51 0.04 0.36 9.06 91.61
052 area 2 fld44.63 0.85 35.89 1.49 0.02 0.61 0.02 0.38 9.12 93.03
052 area 2 fld47.16 1.02 34.51 1.47 0.01 0.64 0.04 0.36 9.28 94.49
052 area 3 fld63.53 0.03 18.59 0.25 0.00 0.00 0.00 0.64 15.93 98.97
052 area 3 fld62.74 0.01 18.78 0.07 0.01 0.00 0.02 1.46 14.84 97.93
052 area 3 fld63.30 0.00 18.75 0.03 0.00 0.00 0.01 1.48 14.87 98.44
052 area 3 fld62.35 0.01 18.69 0.06 0.01 0.00 0.03 1.55 14.70 97.40
052 area 3 fld62.21 0.01 18.65 0.03 0.00 0.00 0.02 1.54 14.84 97.30
052 area 3 fld62.29 0.01 18.72 0.02 0.01 0.00 0.02 1.60 14.90 97.58
052 area 3 fld62.30 0.01 18.81 0.03 0.00 0.00 0.03 1.46 14.45 97.09
052 area 3 fld61.53 0.01 18.75 0.03 0.01 0.00 0.04 1.56 14.98 96.90
052 area 3 fld61.85 0.00 18.86 0.03 0.01 0.00 0.05 1.56 14.70 97.05
052 area 4 fld60.80 0.00 24.08 0.21 0.00 0.00 4.98 8.48 0.16 98.72
052 area 4 fld62.73 0.00 25.04 0.32 0.02 0.01 4.47 9.96 0.15 102.69
052 area 4 fld63.69 0.00 23.80 0.18 0.00 0.00 5.01 8.21 0.13 101.04
052 area 4 fld62.59 0.00 23.82 0.37 0.03 0.00 4.32 7.81 0.21 99.15
052 area 4 fld63.09 0.00 24.22 0.17 0.02 0.01 5.05 8.52 0.27 101.36
052 area 4 fld62.48 0.01 24.61 0.29 0.03 0.00 4.92 8.34 0.20 100.86
052 area 4 fld62.68 0.00 24.03 0.23 0.01 0.00 4.96 7.69 0.23 99.82
052 area 4 fld42.29 0.00 13.69 0.61 0.00 0.07 2.26 4.64 0.35 63.90
052 area 4 fld62.52 0.00 23.71 0.17 0.03 0.01 4.67 8.20 0.16 99.48
052 area 4 fld61.54 0.00 23.98 0.24 0.03 0.00 4.86 8.13 0.18 98.95
052 area 4 fld61.55 0.00 24.50 0.33 0.03 0.00 4.33 9.41 0.30 100.45
152
Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
052 area 4 fld62.59 0.00 24.11 0.35 0.01 0.00 4.70 8.22 0.18 100.17
052 area 4 fld61.30 0.01 22.91 0.89 0.01 0.16 1.52 7.36 1.58 95.75
052 area 4 fld63.95 0.01 23.61 0.40 0.01 0.05 3.09 8.51 0.73 100.35
052 area 4 fld56.16 0.00 27.53 1.06 0.01 0.30 0.49 4.64 5.24 95.42
055 area 1 plag61.01 0.00 24.85 0.00 0.02 0.00 5.48 8.71 0.29 100.37
055 area 1 plag61.83 0.00 24.07 0.00 0.00 0.00 4.62 9.04 0.22 99.78
055 area 1 plag60.44 0.00 24.63 0.00 0.00 0.00 5.51 8.42 0.32 99.33
055 area 1 plag60.63 0.00 24.66 0.00 0.02 0.00 5.52 8.55 0.34 99.72
055 area 1 plag60.70 0.00 24.57 0.00 0.01 0.00 5.42 8.66 0.29 99.65
055 area 1 plag61.76 0.00 24.80 0.01 0.01 0.00 5.16 8.86 0.22 100.81
055 area 2 plag64.62 0.00 23.70 0.65 0.03 0.17 0.61 8.07 2.21 100.05
055 area 2 plag62.02 0.00 24.52 0.23 0.05 0.00 4.95 9.14 0.22 101.13
055 area 2 plag61.38 0.00 24.57 0.12 0.00 0.00 5.28 8.86 0.22 100.45
055 area 2 plag61.35 0.00 24.29 0.19 0.03 0.00 4.90 9.02 0.21 99.99
055 area 2 plag61.89 0.00 24.42 0.26 0.03 0.00 4.36 9.01 0.63 100.60
055 area 2 plag261.87 0.00 24.95 0.05 0.00 0.00 5.64 8.27 0.26 101.04
055 area 2 plag233.70 3.79 19.45 22.62 0.12 6.72 0.00 0.13 9.61 96.13
055 area 2 plag235.50 3.55 21.05 21.31 0.13 6.27 0.01 0.13 8.95 96.89
055 area 2 plag234.57 3.62 19.44 22.95 0.17 6.83 0.00 0.13 9.54 97.25
055 area 2 plag234.98 3.64 19.83 22.75 0.14 6.69 0.00 0.14 9.57 97.73
055 area 2 plag234.72 3.27 19.74 23.10 0.13 6.78 0.00 0.12 9.63 97.50
055 area 2 plag234.35 3.46 19.32 24.31 0.15 6.52 0.00 0.15 9.21 97.46
055 area 2 plag26 .53 0.00 24.42 0.09 0.00 0.00 4.92 8.94 0.19 101.10
055 area 3 plag61.41 0.00 24.57 0.13 0.02 0.00 5.60 8.67 0.21 100.62
055 area 3 plag57.51 0.00 24.50 0.13 0.01 0.00 5.66 8.80 0.22 96.84
055 area 3 plag58.09 0.00 23.82 0.11 0.01 0.00 5.02 9.11 0.21 96.37
055 area 3 plag56.92 0.00 24.00 0.06 0.01 0.00 5.50 8.82 0.26 95.57
055 area 3 plag57.42 0.00 23.89 0.05 0.00 0.00 5.40 8.86 0.21 95.83
055 area 3 plag57.68 0.00 23.95 0.17 0.01 0.00 5.29 8.92 0.22 96.23
055 area 3 plag57.41 0.00 23.85 0.11 0.00 0.00 5.37 8.90 0.24 95.88
055 area 4 plag61.55 0.00 24.40 0.07 0.01 0.00 5.12 8.88 0.22 100.24
055 area 4 plag61.95 0.00 23.94 0.12 0.02 0.00 4.71 9.25 0.16 100.15
055 area 4 plag61.82 0.00 24.01 0.12 0.01 0.00 4.71 8.87 0.11 99.64
055 area 4 plag61.49 0.00 24.19 0.17 0.02 0.00 4.89 9.09 0.11 99.95
055 area 4 plag60.58 0.00 24.28 0.00 0.01 0.00 5.45 8.49 0.28 99.09
055 area 4 plag60.50 0.00 24.47 0.00 0.00 0.00 5.40 8.64 0.18 99.20
059 area 1 plag60.98 0.00 18.90 0.19 0.00 0.00 0.01 1.15 15.74 96.97
059 area 1 plag61.03 0.00 18.77 0.18 0.01 0.00 0.01 1.13 15.82 96.95
059 area 1 plag60.25 0.01 18.75 0.11 0.01 0.00 0.01 0.84 16.10 96.07
059 area 1 plag60.98 0.00 18.65 0.10 0.01 0.00 0.00 0.99 15.72 96.47
059 area 1 plag60.92 0.00 18.74 0.16 0.00 0.00 0.02 1.07 15.76 96.68
059 area 1 plag60.99 0.00 18.73 0.25 0.02 0.00 0.01 0.96 16.06 97.02
059 area 1 plag61.13 0.00 18.75 0.20 0.03 0.00 0.01 1.13 15.92 97.18
059 area 1 plag62.58 0.01 18.96 0.24 0.02 0.00 0.03 1.30 15.32 98.45
059 area 1 plag65.38 0.01 20.01 0.22 0.01 0.00 0.11 8.01 2.15 95.88
059 area 1 plag62.27 0.01 18.91 0.13 0.00 0.00 0.02 1.21 15.77 98.32
059 area 1 plag62.49 0.00 18.88 0.08 0.01 0.00 0.02 1.36 15.45 98.29
059 area 1 plag62.79 0.01 19.10 0.03 0.00 0.00 0.04 1.56 14.68 98.20
059 area 1 plag64.32 0.00 19.57 0.07 0.00 0.00 0.04 2.26 12.27 98.53
059 area 1 plag63.19 0.01 19.18 0.07 0.00 0.00 0.04 1.24 15.31 99.04
059 area 1 plag63.35 0.01 19.28 0.04 0.01 0.00 0.05 1.70 14.61 99.05
059 area 2 plag62.14 0.00 18.91 0.03 0.00 0.00 0.04 1.37 15.24 97.74
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Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
059 area 2 plag61.37 0.00 18.77 0.03 0.00 0.00 0.06 1.32 14.81 96.37
059 area 2 plag62.11 0.01 19.07 0.02 0.00 0.00 0.04 1.59 14.83 97.66
059 area 2 plag61.92 0.00 19.07 0.02 0.00 0.00 0.04 1.20 14.93 97.17
059 area 2 plag61.43 0.00 18.75 0.03 0.01 0.00 0.04 1.34 15.49 97.10
059 area 2 plag61.89 0.00 18.87 0.05 0.01 0.00 0.05 1.37 14.95 97.20
059 area 2 plag60.49 0.01 18.77 0.03 0.01 0.00 0.05 1.35 15.23 95.92
059 area 2 plag61.74 0.00 18.88 0.01 0.00 0.00 0.04 1.07 15.63 97.37
059 area 2 plag61.16 0.00 18.64 0.04 0.01 0.00 0.06 1.56 14.90 96.36
059 area 2 plag60.48 0.01 18.65 0.03 0.01 0.00 0.05 1.40 15.37 96.00
059 area 2 plag60.70 0.00 18.80 0.04 0.01 0.00 0.04 1.16 15.23 95.98
059 area 2 plag60.50 0.00 18.58 0.02 0.02 0.00 0.04 1.28 15.54 95.98
059 area 2 plag59.73 0.00 18.54 0.02 0.00 0.00 0.04 1.21 15.58 95.12
059 area 2 plag59.38 0.01 18.54 0.07 0.01 0.00 0.04 1.28 14.95 94.27
059 area 2 plag60.59 0.00 18.69 0.03 0.01 0.00 0.06 1.50 14.98 95.88
059 area 2 plag61.01 0.00 18.80 0.02 0.01 0.00 0.06 1.54 14.86 96.31
059 area 2 plag60.70 0.00 18.70 0.01 0.01 0.00 0.04 1.39 15.28 96.14
059 area 3 fld61.84 0.01 19.18 1.16 0.05 0.17 3.63 5.45 0.39 91.88
059 area 3 fld58.34 0.00 23.80 0.60 0.02 0.00 4.45 9.11 0.09 96.41
059 area 3 fld58.50 0.00 23.54 0.52 0.01 0.00 4.60 9.04 0.11 96.31
059 area 3 fld58.88 0.00 24.03 0.42 0.01 0.00 4.71 9.02 0.08 97.14
059 area 3 fld60.15 0.01 23.62 0.35 0.01 0.00 4.86 8.62 0.12 97.73
059 area 3 fld60.26 0.00 23.90 0.36 0.01 0.00 3.99 7.45 0.16 96.13
059 area 3 fld59.81 0.00 19.65 0.29 0.01 0.01 0.04 1.19 14.86 95.86
059 area 3 fld64.10 0.00 19.46 0.11 0.02 0.00 0.03 1.13 14.93 99.77
059 area 3 fld65.44 0.00 19.15 0.03 0.01 0.01 0.05 1.42 14.49 100.59
059 area 3 fld63.75 0.01 19.07 0.06 0.01 0.00 0.05 1.32 15.27 99.53
059 area 3 fld63.90 0.01 19.15 0.06 0.00 0.00 0.04 1.26 15.17 99.60
059 area 3 fld62.65 0.01 19.00 0.08 0.00 0.00 0.02 0.88 16.03 98.68
059 area 3 fld63.21 0.00 19.09 0.35 0.02 0.00 0.01 1.09 14.95 98.73
059 area 3 fld63.92 0.00 19.17 0.11 0.00 0.00 0.03 1.11 15.33 99.68
059 area 3 fld64.13 0.01 19.04 0.14 0.00 0.00 0.05 1.49 15.08 99.94
059 area 3 fld63.72 0.00 19.24 0.08 0.00 0.00 0.05 1.46 14.88 99.43
059 area 3 fld63.43 0.01 19.24 0.07 0.01 0.00 0.04 1.39 15.13 99.31
059 area 3 fld64.35 0.01 19.39 0.03 0.01 0.00 0.04 1.62 14.29 99.75
059 area 3 fld64.85 0.01 19.52 0.05 0.00 0.00 0.05 1.74 14.38 100.61
059 area 3 fld62.22 0.00 19.53 0.04 0.00 0.00 0.06 1.36 14.93 98.13
059 area 3 fld61.82 0.01 19.28 0.08 0.00 0.00 0.04 1.39 15.35 97.97
059 area 3 fld62.15 0.01 18.97 0.03 0.00 0.00 0.05 1.44 15.19 97.86
059 area 3 fld61.76 0.00 18.93 0.04 0.01 0.00 0.06 1.81 14.72 97.32
059 area 3 fld61.14 0.01 19.01 0.05 0.01 0.00 0.04 1.46 15.13 96.84
059 area 3 fld61.86 0.01 19.05 0.03 0.00 0.00 0.04 1.32 15.30 97.62
059 area 3 fld60.61 0.01 18.79 0.03 0.01 0.00 0.04 1.35 15.38 96.22
059 area 3 fld61.56 0.01 19.00 0.03 0.00 0.00 0.05 1.65 14.79 97.08
059 area 3 fld34.06 0.00 21.45 37.60 1.90 1.87 1.09 0.00 0.00 97.98
059 area 3 fld34.29 0.00 21.46 38.09 1.88 2.08 1.03 0.00 0.01 98.83
059 area 4 fld59.24 0.01 23.73 0.24 0.01 0.00 5.06 8.56 0.19 97.05
059 area 4 fld60.17 0.01 23.14 0.30 0.00 0.01 5.07 8.03 0.22 96.95
059 area 4 fld64.20 0.00 21.26 0.36 0.01 0.00 2.34 6.87 0.28 95.32
059 area 4 fld53.70 0.00 22.83 0.38 0.00 0.00 3.51 7.56 0.17 88.15
059 area 4 fld64.05 0.00 23.91 0.14 0.00 0.01 3.85 9.58 0.11 101.66
059 area 4 fld58.69 0.00 24.72 0.12 0.00 0.01 4.36 9.80 0.20 97.90
059 area 4 fld40.00 0.01 27.77 1.16 0.01 0.10 1.55 3.42 0.32 74.34
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Location SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total
059 area 4 fld60.16 0.00 23.34 0.09 0.00 0.00 4.72 8.61 0.14 97.05
059 area 4 fld59.77 0.00 23.42 0.12 0.00 0.00 4.89 8.81 0.18 97.20
059 area 4 fld62.52 0.00 23.14 0.22 0.01 0.02 4.35 8.91 0.14 99.30
059 area 4 fld60.14 0.00 23.26 0.14 0.00 0.00 4.69 8.75 0.22 97.21
059 area 4 fld59.66 0.00 23.49 0.03 0.00 0.00 5.01 8.54 0.26 97.01
059 area 4 fld60.62 0.01 23.60 0.05 0.01 0.00 5.08 8.26 0.24 97.88
059 area 4 fld60.18 0.00 23.87 0.07 0.02 0.00 5.15 8.62 0.19 98.09
059 area 4 fld59.95 0.01 23.62 0.02 0.00 0.00 5.12 8.47 0.31 97.49
059 area 4 fld61.31 0.00 23.69 0.05 0.00 0.01 4.84 8.66 0.30 98.86
059 area 4 fld62.75 0.00 18.56 0.47 0.01 0.00 0.03 1.18 15.29 98.29
059 area 4 fld62.54 0.00 18.62 0.29 0.00 0.00 0.04 1.02 15.83 98.34
059 area 4 fld62.62 0.01 18.70 0.31 0.02 0.00 0.03 1.19 15.72 98.60
059 area 4 fld62.47 0.01 18.75 0.26 0.01 0.00 0.04 1.25 15.24 98.03
059 area 4 fld62.81 0.01 18.73 0.19 0.01 0.00 0.04 1.17 15.57 98.52
059 area 4 fld62.93 0.00 18.84 0.13 0.00 0.00 0.05 1.20 15.34 98.50
059 area 4 fld64.19 0.00 18.47 0.15 0.01 0.00 0.03 1.17 15.41 99.42
059 area 4 fld63.44 0.00 18.64 0.22 0.00 0.01 0.02 0.79 15.86 98.97
059 area 4 fld63.85 0.00 17.90 0.34 0.02 0.00 0.05 1.21 15.27 98.64
059 area 4 fld62.55 0.00 18.60 0.17 0.00 0.00 0.02 1.38 15.16 97.88
059 area 4 fld62.04 0.00 18.54 0.22 0.02 0.00 0.02 1.15 15.74 97.73
059 area 4 fld63.11 0.01 18.42 0.21 0.02 0.00 0.01 0.85 15.54 98.18
059 area 4 fld61.51 0.00 18.76 0.28 0.01 0.00 0.02 1.19 15.71 97.49
059 area 6 fld64.62 0.03 22.11 0.67 0.01 0.09 2.12 8.81 0.46 98.93
059 area 6 fld62.25 0.00 24.19 0.17 0.01 0.00 4.69 8.58 0.18 100.06
059 area 6 fld58.32 0.01 21.06 0.59 0.01 0.00 2.59 7.95 0.23 90.77
059 area 6 fld63.55 0.00 24.62 0.39 0.02 0.00 1.40 11.41 0.23 101.62
059 area 6 fld63.99 0.00 22.87 0.50 0.02 0.00 3.52 8.84 0.17 99.91
059 area 6 fld60.90 0.00 24.02 0.23 0.01 0.00 4.93 8.63 0.24 98.96
059 area 6 fld60.63 0.00 24.23 0.29 0.00 0.01 5.17 8.37 0.23 98.94
059 area 6 fld60.81 0.00 23.99 0.18 0.01 0.00 4.93 8.65 0.26 98.82
059 area 6 fld60.99 0.00 24.04 0.19 0.00 0.00 4.97 8.58 0.24 99.03
059 area 6 fld61.18 0.01 24.01 0.25 0.01 0.00 4.88 8.67 0.14 99.14
059 area 6 fld61.02 0.01 24.15 0.20 0.00 0.00 5.01 8.50 0.21 99.08
059 area 6 fld62.17 0.01 23.58 0.15 0.01 0.00 4.36 8.62 0.26 99.16
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APPENDIX C: Trace element data from monazite with associated 2se errors 
Spot location La_ppm 2se Ce_ppm 2se Pr_ppm 2se Nd_ppm 2se
046_Gt1_1 6.21E+04 6.40E+03 1.43E+05 1.50E+04 1.56E+04 1.80E+03 6.20E+04 1.50E+04
046_Gt1_2 5.82E+04 9.00E+03 1.35E+05 1.40E+04 1.50E+04 2.10E+03 5.00E+04 1.60E+04
046_Gt5_1 6.30E+04 1.10E+04 1.33E+05 1.10E+04 1.48E+04 1.40E+03 5.50E+04 1.50E+04
046_Gt5_2 6.61E+04 8.10E+03 1.20E+05 1.30E+04 1.73E+04 1.60E+03 3.76E+04 9.30E+03
046_Gt5_3 5.75E+04 8.40E+03 1.34E+05 1.40E+04 1.61E+04 1.30E+03 5.30E+04 1.30E+04
046_Gt5_4 5.52E+04 9.20E+03 1.30E+05 8.60E+03 1.66E+04 1.50E+03 6.40E+04 1.90E+04
046_Gt5_5 6.40E+04 1.00E+04 1.27E+05 1.00E+04 1.54E+04 1.70E+03 6.30E+04 1.90E+04
046_Gt6_2 5.31E+04 7.90E+03 1.30E+05 1.00E+04 1.59E+04 1.30E+03 7.30E+04 2.30E+04
046_Gt6_3 5.70E+04 1.00E+04 1.42E+05 1.10E+04 1.47E+04 1.50E+03 4.80E+04 1.40E+04
046_Gt8_1 5.93E+04 8.90E+03 1.40E+05 9.80E+03 1.59E+04 1.50E+03 7.10E+04 1.90E+04
046_Gt9_1 5.80E+04 1.10E+04 1.38E+05 1.10E+04 1.79E+04 1.80E+03 5.60E+04 1.50E+04
046_Gt14_1 6.45E+04 5.60E+03 1.46E+05 1.30E+04 1.83E+04 1.60E+03 5.90E+04 1.10E+04
046_Gt14_3 6.40E+04 1.00E+04 1.41E+05 1.60E+04 1.68E+04 2.20E+03 5.40E+04 1.90E+04
046_Gt14_4 5.52E+04 7.20E+03 1.37E+05 1.30E+04 1.72E+04 1.70E+03 5.60E+04 1.50E+04
046_Gt16_1 6.87E+04 8.90E+03 1.36E+05 1.10E+04 1.89E+04 2.00E+03 5.60E+04 1.70E+04
046_Gt16_2 5.65E+04 6.90E+03 1.39E+05 7.50E+03 1.70E+04 1.30E+03 5.70E+04 1.70E+04
046_Gt16_3 5.85E+04 8.10E+03 1.42E+05 1.40E+04 1.92E+04 1.50E+03 6.10E+04 1.40E+04
046_Gt16_4 5.52E+04 6.50E+03 1.45E+05 1.20E+04 1.65E+04 1.50E+03 5.60E+04 1.70E+04
046_Gt16_5 6.06E+04 7.60E+03 1.38E+05 1.50E+04 1.66E+04 1.80E+03 6.00E+04 1.00E+04
052_Gt1_1 4.02E+04 7.80E+03 8.00E+04 8.20E+03 8.70E+03 1.10E+03 2.95E+04 9.60E+03
052_Gt1_2 3.00E+04 8.10E+03 7.11E+04 8.60E+03 8.80E+03 1.00E+03 1.91E+04 9.70E+03
052_Gt1_3 3.78E+04 7.80E+03 7.85E+04 9.70E+03 9.60E+03 1.10E+03 4.20E+04 1.20E+04
052_Gt3_2 5.03E+04 7.50E+03 1.16E+05 1.60E+04 1.45E+04 1.30E+03 5.40E+04 1.40E+04
052_Gt3_3 5.48E+04 9.30E+03 1.07E+05 8.90E+03 1.45E+04 1.50E+03 5.40E+04 1.90E+04
052_Gt3_4 5.13E+04 9.20E+03 1.24E+05 9.60E+03 1.51E+04 1.40E+03 4.50E+04 1.20E+04
052_Gt3_5 4.35E+04 7.20E+03 1.10E+05 1.10E+04 1.37E+04 1.60E+03 4.20E+04 1.10E+04
052_Gt3_7 4.63E+04 9.10E+03 1.13E+05 1.10E+04 1.35E+04 1.80E+03 3.70E+04 1.20E+04
052_Gt3_8 2.36E+04 5.30E+03 6.60E+04 1.10E+04 7.40E+03 1.30E+03 2.47E+04 8.30E+03
052_Gt3_10 6.13E+04 6.20E+03 1.11E+05 1.10E+04 1.59E+04 1.50E+03 3.90E+04 1.20E+04
052_Gt5_1 5.34E+04 9.00E+03 1.22E+05 1.30E+04 1.60E+04 2.50E+03 6.80E+04 2.00E+04
052_Gt5_2 4.80E+04 6.20E+03 1.16E+05 1.10E+04 1.66E+04 1.60E+03 5.60E+04 1.30E+04
052_Gt5_3 4.52E+04 7.00E+03 1.30E+05 1.10E+04 1.46E+04 1.60E+03 6.90E+04 1.30E+04
052_Gt5_4 4.92E+04 6.10E+03 1.23E+05 1.10E+04 1.50E+04 1.80E+03 6.80E+04 1.50E+04
052_Gt6_1 5.44E+04 8.10E+03 1.25E+05 1.10E+04 1.42E+04 1.30E+03 5.80E+04 1.60E+04
052_Gt6_2 6.03E+04 5.50E+03 1.28E+05 1.00E+04 1.45E+04 1.30E+03 5.50E+04 1.60E+04
052_Gt6_3 5.32E+04 8.30E+03 1.16E+05 8.70E+03 1.47E+04 1.30E+03 6.40E+04 1.40E+04
052_Gt8_1 5.57E+04 5.30E+03 1.29E+05 1.60E+04 1.44E+04 1.70E+03 6.40E+04 1.50E+04
052_Gt8_2 5.08E+04 8.50E+03 1.22E+05 1.10E+04 1.41E+04 1.40E+03 5.70E+04 1.40E+04
052_Gt12_2 5.38E+04 5.30E+03 1.08E+05 1.20E+04 1.31E+04 1.20E+03 4.65E+04 9.10E+03
052_Gt12_3 4.37E+04 8.00E+03 1.01E+05 9.30E+03 13790 990 5.00E+04 1.50E+04
052_Gt14_1 5.59E+04 9.30E+03 1.16E+05 9.10E+03 14220 930 4.70E+04 1.10E+04
052_Gt17_1 5.76E+04 7.20E+03 1.25E+05 1.50E+04 1.55E+04 1.20E+03 8.10E+04 1.60E+04
052_Gt17_2 5.08E+04 6.90E+03 1.25E+05 1.20E+04 1.47E+04 1.90E+03 5.60E+04 1.50E+04
052_Gt17_3 6.80E+04 1.00E+04 1.41E+05 1.40E+04 1.83E+04 2.00E+03 6.90E+04 2.10E+04
052_Gt18_1 6.40E+04 1.00E+04 1.42E+05 1.10E+04 15930 970 7.40E+04 1.70E+04
052_Gt18_2 5.93E+04 8.60E+03 1.36E+05 7.80E+03 1.78E+04 1.90E+03 7.30E+04 1.90E+04
052_Gt18_3 5.67E+04 7.20E+03 1.28E+05 1.40E+04 1.68E+04 1.80E+03 6.50E+04 1.10E+04
052_Gt18_4 5.30E+04 7.10E+03 1.13E+05 1.30E+04 1.65E+04 2.00E+03 6.70E+04 1.90E+04
048_Gt1_1 4.23E+04 7.50E+03 1.01E+05 5.80E+03 1.05E+04 1.60E+03 4.43E+04 5.50E+03
048_Gt1_2 5.50E+04 5.50E+04 1.20E+05 1.20E+05 1.30E+04 1.30E+04 5.60E+04 5.60E+04
048_Gt1_3 4.71E+04 9.80E+03 1.08E+05 2.30E+04 1.20E+04 3.10E+03 4.64E+04 5.90E+03
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Spot location La_ppm 2se Ce_ppm 2se Pr_ppm 2se Nd_ppm 2se
048_Gt1_4 5.06E+04 4.50E+03 1.24E+05 1.80E+04 7740 650 4.90E+04 1.10E+04
048_Gt1_5 4.90E+04 2.90E+03 1.25E+05 6.50E+03 1.38E+04 2.10E+03 5.12E+04 6.30E+03
048_Gt1_6 4.80E+04 4.80E+04 1.20E+05 1.20E+05 1.30E+04 1.30E+04 5.30E+04 5.30E+04
048_Gt1_7 5.26E+04 5.00E+03 1.15E+05 6.90E+03 8650 730 4.68E+04 8.90E+03
048_Gt1_8 4.90E+04 1.20E+04 1.18E+05 4.10E+03 1.12E+04 4.60E+03 4.59E+04 2.20E+03
048_Gt1_9 5.10E+04 5.10E+04 1.10E+05 1.10E+05 8.80E+03 8.80E+03 4.60E+04 4.60E+04
048_Gt1_10 6.57E+04 6.80E+03 1.49E+05 1.30E+04 1.92E+04 1.30E+03 6.07E+04 2.70E+03
048_Gt1_11 6.28E+04 4.00E+03 1.43E+05 1.70E+04 18690 660 5.94E+04 8.80E+03
048_Gt1_12 6.34E+04 3.00E+03 1.39E+05 7.70E+03 1.84E+04 2.90E+03 6.54E+04 2.00E+03
048_Gt6_1 6.33E+04 1.80E+03 1.50E+05 3.40E+03 2.18E+04 6.00E+03 6.49E+04 6.60E+03
048_Gt6_2 6.40E+04 1.00E+04 1.48E+05 1.80E+04 1.45E+04 6.50E+03 6.00E+04 1.20E+04
048_Gt6_3 6.41E+04 8.50E+03 1.51E+05 1.30E+04 1.78E+04 1.20E+03 5.78E+04 8.50E+03
048_Gt6_4 6.08E+04 7.40E+03 1.52E+05 1.30E+04 1.53E+04 7.40E+03 6.28E+04 8.10E+03
048_Gt6_5 6.06E+04 5.00E+03 1.37E+05 1.10E+04 10630 610 5.77E+04 9.60E+03
048_Gt6_6 5.50E+04 5.50E+04 1.30E+05 1.30E+05 9.40E+03 9.40E+03 5.50E+04 5.50E+04
048_Gt7_1 6.70E+04 6.70E+04 1.50E+05 1.50E+05 1.80E+04 1.80E+04 6.40E+04 6.40E+04
048_Gt7_2 5.80E+04 5.80E+04 1.40E+05 1.40E+05 1.00E+04 1.00E+04 5.60E+04 5.60E+04
048_Gt7_3 6.38E+04 1.50E+03 1.60E+05 2.50E+04 11090 930 6.02E+04 2.80E+03
048_Gt7_4 6.44E+04 2.30E+03 1.49E+05 1.20E+04 10527 75 5.82E+04 5.10E+03
048_Gt7_5 6.50E+04 6.50E+04 1.50E+05 1.50E+05 1.80E+04 1.80E+04 5.80E+04 5.80E+04
048_Gt7_6 57840 340 1.36E+05 7.30E+03 1.77E+04 2.20E+03 6.20E+04 1.00E+04
048_Gt9_1 6.32E+04 4.10E+03 1.40E+05 3.40E+03 10760 950 5.38E+04 3.60E+03
048_Gt9_2 5.94E+04 6.20E+03 1.40E+05 1.40E+04 1.80E+04 1.30E+04 5.90E+04 8.20E+03
048_Gt9_3 6.79E+04 6.40E+03 1.51E+05 8.50E+03 1.90E+04 1.60E+03 5.83E+04 4.10E+03
048_Gt9_4 6.61E+04 1.40E+03 1.39E+05 2.40E+04 1.82E+04 3.60E+03 5.01E+04 7.90E+03
048_Gt9_5 61540 960 1.54E+05 1.30E+04 11980 360 5.48E+04 7.80E+03
048_Gt9_6 6.04E+04 2.30E+03 1.42E+05 1.10E+04 19330 440 5.58E+04 5.80E+03
048_Gt9_7 6.38E+04 1.80E+03 1.51E+05 1.50E+04 1.92E+04 2.00E+03 5.40E+04 1.20E+04
048_Gt9_8 6.57E+04 9.50E+03 1.48E+05 2.40E+04 2.03E+04 1.30E+03 5.85E+04 5.50E+03
048_Gt9_9 60510 240 1.52E+05 6.20E+03 21980 370 5.26E+04 9.80E+03
048_Gt9_10 5.96E+04 6.40E+03 1.73E+05 4.00E+04 2.32E+04 1.20E+03 5.27E+04 3.10E+03
048_Gt9_11 6.34E+04 2.20E+03 1.49E+05 2.90E+04 2.55E+04 2.00E+03 5.26E+04 2.80E+03
048_Gt9_12 5.94E+04 2.40E+03 1.47E+05 2.80E+03 2.56E+04 1.60E+03 5.51E+04 6.60E+03
048_Gt9_13 6.43E+04 6.60E+03 1.51E+05 1.70E+04 2.49E+04 4.70E+03 5.73E+04 7.10E+03
048_Gt9_14 6.16E+04 4.70E+03 1.41E+05 2.40E+03 2.89E+04 3.80E+03 5.26E+04 5.10E+03
048_Gt9_15 5.99E+04 3.50E+03 1.46E+05 1.60E+04 1.80E+04 1.30E+03 5.05E+04 4.70E+03
048_Gt9_16 6.09E+04 8.40E+03 1.35E+05 2.50E+04 2.74E+04 1.30E+03 5.43E+04 6.40E+03
048_Gt9_17 6.20E+04 4.30E+03 1.45E+05 2.00E+04 1.76E+04 2.00E+03 5.80E+04 6.20E+03
048_Gt9_18 6.32E+04 2.70E+03 1.49E+05 1.60E+04 1.48E+04 1.50E+03 5.85E+04 8.60E+03
048_Gt9_19 6.07E+04 8.20E+03 1.38E+05 9.10E+03 2.32E+04 3.20E+03 5.36E+04 2.60E+03
048_Gt9_20 6.20E+04 6.20E+04 1.40E+05 1.40E+05 2.10E+04 2.10E+04 6.20E+04 6.20E+04
048_Gt9_21 6.20E+04 6.20E+04 1.60E+05 1.60E+05 2.00E+04 2.00E+04 5.70E+04 5.70E+04
048_Gt9_22 6.13E+04 9.10E+03 1.58E+05 2.60E+04 1.83E+04 1.60E+03 5.97E+04 9.10E+03
048_Gt9_23 6.42E+04 6.00E+03 1.49E+05 3.30E+03 1.88E+04 1.50E+03 5.94E+04 9.50E+03
048_Gt9_24 6.20E+04 1.20E+04 1.42E+05 7.50E+03 11160 840 5.85E+04 9.90E+03
048_Gt9_25 6.82E+04 8.20E+03 1.49E+05 1.40E+04 1.59E+04 4.70E+03 5.75E+04 5.40E+03
048_Gt9_26 6.19E+04 5.30E+03 1.50E+05 7.00E+03 1.86E+04 2.40E+03 5.70E+04 7.50E+03
048_Gt9_27 7.01E+04 6.70E+03 1.59E+05 7.80E+03 1.99E+04 2.70E+03 5.83E+04 4.10E+03
048_Gt9_28 6.60E+04 6.60E+04 1.50E+05 1.50E+05 2.20E+04 2.20E+04 5.70E+04 5.70E+04
048_Gt9_29 6.27E+04 8.10E+03 1.64E+05 1.10E+04 2.27E+04 2.50E+03 5.70E+04 1.30E+04
048_Gt9_30 6.40E+04 6.00E+03 1.92E+05 5.00E+04 13940 550 5.37E+04 1.90E+03
048_Gt9_31 6.02E+04 9.00E+03 1.50E+05 1.80E+04 2.30E+04 3.50E+03 5.31E+04 6.80E+03
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Spot location La_ppm 2se Ce_ppm 2se Pr_ppm 2se Nd_ppm 2se
048_Gt9_32 5.99E+04 1.70E+03 1.32E+05 1.70E+03 2.57E+04 3.60E+03 5.93E+04 6.90E+03
048_Gt9_33 6.80E+04 6.80E+04 1.50E+05 1.50E+05 2.80E+04 2.80E+04 6.50E+04 6.50E+04
048_Gt9_34 6.18E+04 3.80E+03 1.41E+05 2.60E+04 3.18E+04 1.70E+03 5.88E+04 9.40E+03
048_Gt9_35 6.90E+04 1.50E+04 1.49E+05 3.10E+04 33890 280 6.46E+04 4.60E+03
048_Gt9_36 6.41E+04 9.10E+03 1.53E+05 9.80E+03 3.52E+04 3.00E+03 6.82E+04 5.50E+03
048_Gt9_37 6.30E+04 1.10E+04 1.48E+05 1.60E+04 3.06E+04 2.80E+03 5.92E+04 3.80E+03
048_Gt9_38 59560 690 1.45E+05 1.40E+04 3.04E+04 3.30E+03 6.04E+04 6.40E+03
048_Gt9_39 6.09E+04 3.60E+03 1.56E+05 1.10E+04 1.52E+04 1.10E+03 5.99E+04 3.80E+03
048_Gt9_40 5.95E+04 9.20E+03 1.58E+05 2.40E+04 2.39E+04 2.90E+03 7.02E+04 3.60E+03
048_Gt9_41 5.52E+04 9.20E+03 1.38E+05 1.80E+04 1.81E+04 3.00E+03 6.31E+04 8.60E+03
048_Gt9_42 5.70E+04 5.70E+04 2.10E+05 2.10E+05 1.20E+04 1.20E+04 6.40E+04 6.40E+04
048_Gt9_43 5.45E+04 4.20E+03 1.35E+05 1.00E+04 10850 190 5.79E+04 8.00E+03
051_Gt1_1 7.00E+04 1.10E+04 1.46E+05 1.10E+04 1.94E+04 1.80E+03 5.70E+04 1.20E+04
051_Gt1_2 7.10E+04 1.40E+04 1.59E+05 1.50E+04 1.87E+04 2.10E+03 5.80E+04 1.40E+04
051_Gt1_3 6.30E+04 9.60E+03 1.35E+05 9.50E+03 1.81E+04 1.80E+03 7.00E+04 1.30E+04
051_Gt5_1 7.50E+04 1.00E+04 1.31E+05 1.10E+04 1.79E+04 1.40E+03 5.16E+04 9.80E+03
051_Gt5_2 6.90E+04 1.10E+04 1.43E+05 1.10E+04 1.73E+04 1.70E+03 5.40E+04 1.30E+04
051_Gt5_3 6.76E+04 5.80E+03 1.37E+05 1.20E+04 1.71E+04 1.70E+03 6.00E+04 1.50E+04
051_Gt6_1 6.08E+04 9.70E+03 1.15E+05 1.20E+04 1.57E+04 1.80E+03 5.80E+04 1.80E+04
051_Gt6_2 7.12E+04 8.60E+03 1.49E+05 9.70E+03 1.92E+04 1.30E+03 5.70E+04 1.30E+04
051_Gt6_3 6.50E+04 1.10E+04 1.39E+05 1.60E+04 1.65E+04 1.30E+03 6.60E+04 1.70E+04
051_Gt6_5 6.39E+04 6.70E+03 1.51E+05 1.20E+04 1.64E+04 1.70E+03 6.30E+04 1.60E+04
051_Gt10_1 6.00E+04 1.10E+04 1.29E+05 1.20E+04 1.68E+04 2.00E+03 5.60E+04 1.60E+04
051_Gt10_2 6.45E+04 9.00E+03 1.51E+05 1.30E+04 1.88E+04 1.60E+03 7.20E+04 1.80E+04
051_Gt10_3 6.44E+04 9.00E+03 1.43E+05 1.20E+04 1.78E+04 1.50E+03 6.60E+04 1.50E+04
051_Gt10_4 6.14E+04 8.50E+03 1.49E+05 1.40E+04 1.75E+04 1.70E+03 6.30E+04 1.50E+04
051_Gt11_1 6.80E+04 1.30E+04 1.39E+05 1.40E+04 1.80E+04 1.60E+03 5.60E+04 1.20E+04
051_Gt11_2 7.46E+04 9.30E+03 1.52E+05 1.60E+04 2.06E+04 1.70E+03 5.70E+04 1.30E+04
051_Gt11_3 7.20E+04 1.20E+04 1.62E+05 1.40E+04 2.16E+04 2.70E+03 8.10E+04 1.70E+04
051_Gt11_4 6.77E+04 9.70E+03 1.43E+05 1.60E+04 1.64E+04 2.30E+03 3.90E+04 1.10E+04
051_Gt11_5 7.80E+04 1.40E+04 1.69E+05 1.90E+04 2.19E+04 1.80E+03 7.80E+04 2.10E+04
051_Gt11_6 7.20E+04 1.00E+04 1.56E+05 1.60E+04 1.76E+04 1.90E+03 6.50E+04 1.30E+04
051_Gt11_7 7.20E+04 1.00E+04 1.47E+05 1.20E+04 1.79E+04 1.90E+03 7.30E+04 1.40E+04
051_Gt11_8 8.60E+04 2.00E+04 2.02E+05 4.10E+04 2.19E+04 4.40E+03 7.40E+04 3.50E+04
051_Gt11_9 7.30E+04 1.20E+04 1.45E+05 1.80E+04 1.85E+04 2.10E+03 7.00E+04 1.60E+04
051_Gt11_10 7.80E+04 1.00E+04 1.60E+05 2.00E+04 1.83E+04 1.40E+03 6.30E+04 1.90E+04
051_Gt11_11 7.09E+04 9.30E+03 1.69E+05 1.40E+04 1.99E+04 2.20E+03 5.30E+04 1.30E+04
051_Gt11_12 7.30E+04 1.10E+04 1.62E+05 1.20E+04 1.88E+04 1.30E+03 6.20E+04 1.70E+04
051_Gt11_13 6.25E+04 9.60E+03 1.44E+05 1.50E+04 1.78E+04 1.80E+03 7.80E+04 1.80E+04
051_Gt11_14 6.80E+04 1.10E+04 1.70E+05 1.40E+04 1.79E+04 2.30E+03 7.70E+04 2.00E+04
051_Gt11_15 7.80E+04 1.10E+04 1.44E+05 1.40E+04 1.89E+04 2.00E+03 7.00E+04 1.10E+04
051_Gt11_16 6.08E+04 8.00E+03 1.43E+05 1.40E+04 1.95E+04 2.10E+03 7.10E+04 1.50E+04
051_Gt11_17 7.30E+04 1.10E+04 1.47E+05 1.40E+04 1.85E+04 2.00E+03 6.60E+04 1.10E+04
055_Gt1_1 7.00E+04 1.10E+04 1.53E+05 1.20E+04 1.90E+04 2.00E+03 5.40E+04 1.50E+04
055_Gt1_2 6.58E+04 9.10E+03 1.60E+05 1.20E+04 1.89E+04 2.20E+03 8.30E+04 1.50E+04
055_Gt1_4 6.90E+04 1.10E+04 1.53E+05 1.60E+04 1.93E+04 2.00E+03 6.90E+04 1.10E+04
055_Gt1_5 7.00E+04 1.00E+04 1.45E+05 1.40E+04 1.88E+04 2.10E+03 6.50E+04 1.40E+04
055_Gt1_6 8.90E+04 2.00E+04 1.76E+05 2.00E+04 2.40E+04 3.30E+03 8.50E+04 4.90E+04
055_Gt1_7 8.10E+04 1.10E+04 1.58E+05 1.30E+04 2.02E+04 1.90E+03 9.40E+04 1.70E+04
055_Gt1_8 7.60E+04 1.10E+04 1.57E+05 1.00E+04 1.95E+04 1.50E+03 7.40E+04 2.00E+04
055_Gt1_9 7.45E+04 9.00E+03 1.68E+05 1.60E+04 1.93E+04 2.20E+03 6.30E+04 1.90E+04
055_Gt1_10 8.59E+04 8.70E+03 1.70E+05 2.10E+04 2.13E+04 2.00E+03 8.40E+04 2.20E+04
158
Spot location La_ppm 2se Ce_ppm 2se Pr_ppm 2se Nd_ppm 2se
055_Gt1_11 7.50E+04 1.40E+04 1.59E+05 1.50E+04 1.99E+04 2.20E+03 6.40E+04 1.30E+04
055_Gt1_12 7.60E+04 1.00E+04 1.51E+05 1.40E+04 2.08E+04 2.30E+03 8.10E+04 2.60E+04
055_Gt1_13 7.60E+04 1.00E+04 1.62E+05 1.20E+04 2.29E+04 1.90E+03 6.90E+04 1.30E+04
055_Gt1_14 5.00E+04 1.10E+04 1.31E+05 1.70E+04 1.59E+04 1.70E+03 6.80E+04 2.30E+04
055_Gt18_1 8.10E+04 1.20E+04 1.70E+05 1.40E+04 2.01E+04 2.90E+03 6.30E+04 2.10E+04
055_Gt18_2 7.20E+04 1.20E+04 1.42E+05 1.50E+04 1.98E+04 1.90E+03 4.80E+04 1.70E+04
055_Gt18_3 6.05E+04 6.10E+03 1.31E+05 1.30E+04 1.83E+04 2.70E+03 7.30E+04 1.70E+04
055_Gt18_4 7.10E+04 1.20E+04 1.60E+05 1.50E+04 1.95E+04 2.40E+03 6.80E+04 1.50E+04
055_Gt8_1 7.60E+04 1.30E+04 1.57E+05 1.40E+04 1.93E+04 2.20E+03 6.20E+04 1.50E+04
055_Gt8_2 1.64E+04 9.40E+03 3.82E+04 9.80E+03 4.10E+03 1.60E+03 6.90E+03 8.80E+03
055_Gt8_3 8.00E+04 9.80E+03 1.68E+05 1.50E+04 2.10E+04 1.60E+03 5.90E+04 1.20E+04
055_Gt8_4 8.40E+04 1.10E+04 2.04E+05 1.70E+04 2.28E+04 2.70E+03 7.50E+04 2.80E+04
055_Gt9_1 6.60E+04 2.30E+04 1.12E+05 3.40E+04 1.30E+04 2.50E+03 7.40E+04 1.50E+04
055_Gt9_2 7.30E+04 1.40E+04 1.47E+05 9.00E+03 1.88E+04 1.10E+03 6.00E+04 1.50E+04
055_Gt9_3 7.70E+04 1.10E+04 1.63E+05 1.90E+04 2.13E+04 2.60E+03 6.40E+04 2.10E+04
055_Gt9_4 7.40E+04 1.30E+04 1.43E+05 1.40E+04 1.76E+04 2.80E+03 4.50E+04 1.90E+04
055_Gt9_5 7.52E+04 8.10E+03 1.67E+05 1.70E+04 2.03E+04 1.60E+03 5.20E+04 1.50E+04
055_Gt9_6 8.07E+04 9.00E+03 1.59E+05 1.60E+04 1.80E+04 1.70E+03 5.60E+04 1.90E+04
055_Gt9_7 6.95E+04 9.20E+03 1.58E+05 1.70E+04 1.94E+04 1.80E+03 6.20E+04 1.20E+04
055_Gt9_8 6.69E+04 9.20E+03 1.53E+05 1.60E+04 2.11E+04 2.50E+03 7.80E+04 1.80E+04
055_Gt9_9 8.80E+04 1.50E+04 1.75E+05 2.00E+04 2.20E+04 2.70E+03 7.90E+04 3.10E+04
055_Gt9_10 7.46E+04 9.00E+03 1.66E+05 1.60E+04 2.03E+04 1.40E+03 7.20E+04 1.20E+04
059_Gt6_1 6.81E+04 7.90E+03 1.54E+05 1.50E+04 1.62E+04 1.60E+03 4.90E+04 1.80E+04
059_Gt9-1 5.36E+04 9.10E+03 1.30E+05 1.20E+04 1.60E+04 1.20E+03 5.00E+04 1.20E+04
059_Gt9-2 4.42E+04 5.00E+03 8.66E+04 9.50E+03 10080 980 3.82E+04 9.90E+03
059_Gt19_1 5.21E+04 6.00E+03 1.00E+05 9.40E+03 1.17E+04 1.30E+03 4.08E+04 8.70E+03
059_Gt19_2 5.13E+04 5.70E+03 1.11E+05 9.80E+03 1.25E+04 1.30E+03 5.20E+04 1.00E+04
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: r  l t t  with associa d 2se err rs
Sm_ppm 2se Eu_ppm 2se Gd_ppm 2se Tb_ppm 2se Dy_ppm
1.10E+04 3.90E+03 578 54 8620 620 1049 71 5190
1.18E+04 3.80E+03 580 88 9490 750 1041 63 5340
1.10E+04 3.40E+03 747 66 6860 430 358 36 671
9.98E+03 3.20E+03 671 67 5970 400 332 29 770
1.10E+04 3.70E+03 679 95 6120 310 419 53 1200
9.10E+03 3.40E+03 604 75 7550 780 780 110 3380
9.50E+03 3.60E+03 515 71 5740 440 495 66 2000
9.60E+03 4.30E+03 696 76 6560 530 516 62 1500
9.40E+03 3.80E+03 636 64 6470 620 333 33 520
7.10E+03 3.30E+03 556 82 7810 490 719 53 3240
8.20E+03 3.60E+03 554 75 6390 520 522 44 1550
1.11E+04 4.00E+03 713 82 5820 410 317 33 592
1.50E+04 4.60E+03 630 120 5670 470 305 24 601
1.01E+04 3.80E+03 440 45 5980 470 610 40 3040
1.10E+04 4.00E+03 710 130 5960 420 388 32 808
8.80E+03 3.90E+03 499 68 6920 440 811 55 4210
1.09E+04 4.00E+03 610 120 5100 250 270 21 450
1.11E+04 3.70E+03 680 100 6580 550 452 33 989
4.80E+03 2.30E+03 726 64 6930 470 395 49 707
4.50E+03 2.70E+03 148 39 4960 350 648 62 3120
4.80E+03 2.20E+03 113 37 5240 360 645 32 3560
4.70E+03 2.60E+03 129 35 4870 350 593 49 3230
5.90E+03 3.50E+03 116 41 8150 600 908 78 4270
7.70E+03 2.90E+03 185 37 8830 860 919 81 5300
8.30E+03 3.20E+03 272 60 6020 550 740 83 4110
9.90E+03 4.50E+03 189 34 7370 660 876 89 5020
1.12E+04 3.70E+03 314 41 5970 440 693 42 3840
7.00E+03 3.30E+03 52 15 3220 430 421 64 2340
1.17E+04 4.50E+03 88 37 6370 520 727 54 3310
1.86E+04 5.50E+03 671 79 4430 450 232 38 660
1.06E+04 4.20E+03 338 51 5850 420 662 57 3730
1.76E+04 4.00E+03 332 47 5960 460 562 45 3500
1.41E+04 4.80E+03 369 55 6420 570 628 52 3510
1.07E+04 3.60E+03 229 62 6720 490 672 48 3880
1.83E+04 4.90E+03 131 30 6620 520 862 59 4880
9.60E+03 4.10E+03 280 58 6730 340 723 56 3810
1.13E+04 3.80E+03 440 79 5980 630 515 39 2222
1.16E+04 4.40E+03 623 75 6040 540 628 47 2810
8.90E+03 3.80E+03 460 59 6030 480 738 48 3680
9.00E+03 3.00E+03 165 50 6230 550 762 68 4330
1.29E+04 3.20E+03 655 97 6000 530 471 35 2030
8.40E+03 3.20E+03 762 96 5090 270 265 26 820
1.57E+04 5.30E+03 229 45 6360 470 698 74 3840
1.51E+04 6.30E+03 472 67 7780 680 671 89 2440
1.36E+04 5.00E+03 1005 88 6750 560 485 57 1270
1.79E+04 4.70E+03 588 96 6640 710 410 31 1490
1.32E+04 4.70E+03 98 36 7060 540 773 47 4250
1.02E+04 3.40E+03 128 28 7550 520 803 63 4620
7.10E+03 1.10E+03 502 73 6760 940 649 82 2740
8.40E+03 8.40E+03 530 530 4.90E+03 4.90E+03 460 460 580























































Sm_ppm 2se Eu_ppm 2se Gd_ppm 2se Tb_ppm 2se Dy_ppm
7800 440 488.6 9.1 4000 720 420.9 6.4 530
7350 270 494 63 3930 300 420 46 525
8.40E+03 8.40E+03 550 550 5.40E+03 5.40E+03 630 630 1.50E+03
7.70E+03 1.70E+03 490.9 8.6 4850 110 523 25 880
7.60E+03 1.20E+03 539 68 6.60E+03 1.90E+03 666 6 1820
8.50E+03 8.50E+03 530 530 4.60E+03 4.60E+03 450 450 570
11160 220 647 33 6340 700 662 16 1010
1.05E+04 1.10E+03 693 24 6.10E+03 1.00E+03 600 90 809
10400 550 715 15 6260 600 726 66 863
10640 610 707 10 5770 290 654 11 708
10710 970 750 150 6.80E+03 1.20E+03 698 17 1060
10110 520 654 72 6310 290 653 85 920
10420 650 704 52 8.10E+03 1.40E+03 918 94 1630
10290 830 686 74 8770 840 1019 81 2140
9.80E+03 9.80E+03 610 610 8.70E+03 8.70E+03 970 970 4.90E+03
1.10E+04 1.10E+04 670 670 5.60E+03 5.60E+03 690 690 640
1.00E+04 1.00E+04 650 650 8.90E+03 8.90E+03 980 980 4.30E+03
10760 470 701 78 6130 90 700 65 700
1.02E+04 1.40E+03 661 67 6150 560 716 25 845
1.10E+04 1.10E+04 740 740 9.00E+03 9.00E+03 1.20E+03 1.20E+03 2.20E+03
1.08E+04 1.30E+03 678 80 6070 570 690 150 692.8
10690 710 729.5 6.5 7920 310 838 37 1335
10840 180 723 14 7110 770 755 35 841
10585 87 668 43 5790 780 700 100 613
9.70E+03 1.30E+03 559 78 5330 910 642.6 9.7 610
10120 530 660 130 5375 43 640 100 629
1.05E+04 2.50E+03 691 38 6550 980 684 65 758
1.08E+04 1.50E+03 660 32 6160 880 711 67 744
1.07E+04 1.30E+03 656 29 6040 170 678 77 688
1.04E+04 1.50E+03 634 66 6410 810 704 53 790
9.90E+03 1.10E+03 665 87 7.20E+03 1.30E+03 874.2 8.3 1229
10940 580 660 130 5640 190 714 34 680
1.06E+04 1.40E+03 661 60 6210 590 740 150 670
1.16E+04 2.00E+03 700 110 6200 370 800 130 662
10500 850 725 17 1.02E+04 1.10E+03 1286 63 2730
10260 840 714 92 1.17E+04 2.00E+03 1333 13 3100
10530 220 720 240 1.23E+04 1.10E+03 1396 50 4180
1.09E+04 1.40E+03 770 110 1.28E+04 2.10E+03 1408 58 3580
10680 370 745 54 1.28E+04 1.20E+03 1478 40 4060
10930 760 729 82 12260 900 1400 190 4480
1.10E+04 1.10E+04 690 690 6.30E+03 6.30E+03 770 770 780
1.20E+04 1.20E+04 720 720 1.10E+04 1.10E+04 1.10E+03 1.10E+03 3.20E+03
11490 520 759 86 1.00E+04 1.40E+03 1150 140 2190
1.25E+04 1.20E+03 766 43 6890 740 890 110 1059.6
12530 320 726 7.2 6960 290 763.5 5.2 738.3
1.20E+04 1.70E+03 714 64 7.20E+03 1.10E+03 830 150 900
1.22E+04 1.20E+03 625 15 6460 340 729 50 756
11200 610 614 20 6.00E+03 1.10E+03 700 150 686
1.30E+04 1.30E+04 630 630 5.90E+03 5.90E+03 680 680 700
12470 260 613 93 5882 91 662 60 667
1.22E+04 1.90E+03 581 48 5690 900 630 130 648























































Sm_ppm 2se Eu_ppm 2se Gd_ppm 2se Tb_ppm 2se Dy_ppm
11380 920 630 110 6470 790 730 140 872
1.30E+04 1.30E+04 630 630 6.30E+03 6.30E+03 700 700 690
12850 650 640 100 5980 160 692 63 717
12990 770 708 87 6430 850 690 110 687
1.38E+04 2.60E+03 690 110 6450 420 700 130 760
1.20E+04 2.10E+03 670 52 6269 94 674 44 700
1.18E+04 1.80E+03 588 30 5800 750 680 160 710
1.13E+04 3.70E+03 590 100 5730 680 640 110 667
11810 640 663 25 6.60E+03 1.20E+03 728 85 784.5
1.08E+04 1.10E+03 691 48 11980 950 1230 59 6490
1.10E+04 1.10E+04 630 630 8.00E+03 8.00E+03 960 960 2.20E+03
1.03E+04 2.30E+03 632 77 9.70E+03 2.10E+03 1010 280 3.80E+03
1.05E+04 3.40E+03 518 94 8290 580 881 53 4870
9.10E+03 4.30E+03 296 32 9160 320 1004 66 5470
1.69E+04 4.20E+03 259 26 8240 470 957 65 5290
9.90E+03 3.60E+03 250 20 8600 540 950 80 5410
1.74E+04 5.10E+03 328 37 9120 570 1014 71 5510
1.29E+04 3.80E+03 851 63 8490 660 955 72 5940
7.90E+03 2.80E+03 401 37 7500 630 883 46 5230
1.22E+04 4.00E+03 832 49 9410 670 1168 82 7200
1.57E+04 5.60E+03 790 45 8880 710 1159 77 6650
1.02E+04 3.10E+03 1000 88 10460 830 1180 120 7420
4.80E+03 3.20E+03 690 70 8830 530 1092 72 6650
1.22E+04 3.70E+03 671 60 9570 770 1060 69 6590
1.74E+04 5.10E+03 283 31 9820 560 1161 75 6370
1.87E+04 5.30E+03 313 34 9890 510 1217 73 6970
1.40E+04 5.00E+03 676 74 9000 820 911 63 3920
1.05E+04 3.40E+03 706 61 8740 720 964 83 4500
1.66E+04 4.80E+03 667 65 8840 840 925 60 3900
9.30E+03 4.80E+03 597 41 7640 610 790 52 3260
1.60E+04 6.90E+03 821 80 1.08E+04 1.10E+03 1202 82 5070
9.80E+03 3.80E+03 623 50 10220 910 1094 98 4940
8.20E+03 3.00E+03 454 42 9220 560 1000 68 4650
1.35E+04 9.10E+03 780 110 9810 900 1088 97 3930
1.08E+04 4.00E+03 642 68 8670 650 858 56 3390
1.31E+04 3.50E+03 596 65 8550 560 852 69 3260
1.17E+04 3.20E+03 694 54 9240 580 977 79 3680
1.34E+04 4.20E+03 729 69 9620 680 978 71 3970
1.09E+04 3.70E+03 802 64 10700 730 1103 98 5340
1.02E+04 4.30E+03 611 49 8230 580 815 59 3220
1.60E+04 5.40E+03 682 59 9400 640 1079 85 5950
1.85E+04 5.90E+03 289 29 9950 760 1247 94 6470
1.44E+04 5.80E+03 418 52 8760 950 990 130 4940
1.34E+04 4.10E+03 195 32 1.32E+04 1.00E+03 1370 100 6150
1.71E+04 5.60E+03 166 21 10490 550 1067 63 5820
1.45E+04 4.50E+03 313 44 9310 540 1101 36 6450
1.18E+04 3.40E+03 274 34 9800 660 1065 71 6270
2.64E+04 4.70E+03 321 47 1.38E+04 1.30E+03 1380 120 8030
1.73E+04 5.70E+03 177 20 10280 560 1133 80 5870
1.56E+04 3.70E+03 277 34 10390 920 1092 70 6960
1.12E+04 4.40E+03 349 31 11760 790 1189 70 6530






























Sm_ppm 2se Eu_ppm 2se Gd_ppm 2se Tb_ppm 2se Dy_ppm
1.09E+04 4.50E+03 316 29 9880 780 1060 60 6370
2.10E+04 3.90E+03 155 17 9920 610 1089 60 6840
1.49E+04 4.90E+03 510 32 9630 890 739 61 2920
1.11E+04 8.40E+03 205 62 8520 520 1019 73 5810
1.17E+04 6.30E+03 157 20 9370 790 892 69 5350
1.78E+04 6.40E+03 155 19 9850 460 1032 84 6380
9.20E+03 5.10E+03 151 33 10350 740 1019 89 5930
1.08E+04 4.10E+03 181 18 9750 630 1067 72 6180
1.19E+04 5.30E+03 308 28 12030 750 1483 95 8450
3.80E+03 4.80E+03 52 35 2850 660 304 79 1720
1.91E+04 4.80E+03 320 36 12430 880 1430 110 8340
2.53E+04 5.70E+03 308 37 13540 990 1582 70 8870
1.32E+04 9.30E+03 209 29 6210 740 672 82 4420
1.16E+04 3.40E+03 230 30 10510 890 1123 69 5540
1.84E+04 8.80E+03 361 45 11790 900 1246 77 7060
6.30E+03 4.30E+03 170 35 8460 510 1067 75 5350
1.39E+04 4.80E+03 342 41 8630 550 739 42 3080
1.10E+04 5.00E+03 119 23 7710 620 999 65 5100
2.00E+04 6.70E+03 221 30 9950 690 1167 93 6360
1.57E+04 6.30E+03 152 21 9190 740 1050 95 5410
1.51E+04 6.70E+03 180 31 9520 790 1010 61 6490
2.31E+04 8.10E+03 361 31 9640 570 1076 58 5410
8.60E+03 3.10E+03 620 110 3980 580 270 49 924
1.26E+04 4.10E+03 350 120 3610 350 261 27 639
8.20E+03 2.30E+03 210 67 5990 520 510 54 1690
9.10E+03 2.90E+03 209 54 5920 510 519 47 1830
1.18E+04 3.30E+03 292 65 5330 560 418 49 1670
163





















































: r  l t t  fr  it  it  ss i t  s  rr rs
2se Ho_ppm 2se Er_ppm 2se Tm_ppm 2se Yb_ppm 2se Lu_ppm
330 530 32 724 44 56.2 5.3 87.3 6.5 2.79
330 509 38 728 44 47.8 4.4 87.2 7.6 2.38
91 33.4 8.9 21.1 7.4 1.9 1 2.8 1.6 0.13
160 50 20 64 32 6.4 2.7 6.7 3.7 0.27
140 87 17 111 21 9.5 2.6 15.8 4 0.341
500 349 52 451 84 36.9 6.9 67 13 2.14
200 193 20 271 27 19.3 2.7 36.2 4.5 1.2
280 116 24 155 38 9.2 2.2 19.3 7.1 0.69
32 19 2.8 11.3 3.9 0.39 0.61 0.13 0.26 0.05
190 316 22 360 27 28.2 4.3 46.2 3.9 1.32
190 132 16 144 20 11.2 2.1 18.6 3.8 0.55
49 23.4 3.1 13.3 3.4 0.96 0.51 0.91 0.7 0.018
78 29.5 8.6 34 15 1.42 0.88 4 2.6 0.19
210 319 17 420 24 39 2.6 71.2 6.2 2.39
58 30.5 2.7 13 2.8 1.07 0.61 0.65 0.47 -0.0001946
310 449 30 618 41 52.2 5 100.7 7 3.09
39 20.6 2.1 13.5 2.4 1.4 0.57 0.65 0.57 0.042
82 45.7 5.3 26.7 5.2 1.99 0.66 2.1 0.76 0.009
48 34.7 4 19.6 5.2 0.86 0.6 1.4 1 0.039
220 347 19 488 36 37.3 4 63.5 5.4 1.62
270 383 28 551 50 46 5.4 92.2 6.7 2.64
230 360 25 547 58 40 3.3 77.8 9.7 2.33
260 378 20 413 25 25.9 3.5 33.8 3.8 1.12
340 510 38 612 35 37.4 3.4 64.7 5.1 1.89
270 509 44 747 44 73.3 5.9 152 14 4.19
300 515 39 645 48 47.7 5.3 80.9 8.6 2.32
220 458 31 722 62 71.7 6.8 150 13 4.87
300 276 36 400 57 32.7 5.9 64 11 2.21
170 303 24 342 36 24 3.8 33.5 3.9 0.95
63 37.7 4.1 33.4 7.4 4.9 1.7 4.8 1.4 0.14
220 488 28 770 44 67.5 6.7 149 12 5.17
250 442 30 737 46 69.5 4 148 12 5.01
460 404 46 690 100 57 10 128 17 4.33
230 420 24 594 51 47.8 7.8 91 13 3.13
380 568 44 784 63 65.8 5.7 113 13 3.09
210 454 39 728 41 61 7.1 142 13 4.46
75 229 17 366 22 34.1 5 71.6 6.5 2.3
200 295 30 356 39 23.2 4.1 46.6 5.9 1.3
240 465 27 692 42 69.4 8.6 140.8 9.1 4.57
280 512 40 706 40 61.6 5.4 107 11 3.44
130 173 11 196 14 12.6 1.8 22.5 3.5 0.83
160 65 17 74 19 4.2 1.3 6.5 2 0.199
380 471 42 765 57 74.1 6.3 156 16 4.54
370 265 42 336 55 30.6 6.7 45.4 6.6 1.49
140 71.6 6.8 60.3 7.6 3 1.1 3.4 1.1 0.136
110 103.8 7.8 93 11 4.4 1.3 7 1.6 0.24
260 532 36 753 42 51.8 3.9 109 12 3.04
370 537 46 767 59 57 4.7 114.3 8.4 3.06
600 299 53 288 42 14.4 3.5 10.9 3.8 0.36
580 61 61 57 57 1.8 1.8 0.57 0.57 0.067























































2se Ho_ppm 2se Er_ppm 2se Tm_ppm 2se Yb_ppm 2se Lu_ppm
110 55.3 5.9 48.9 2 2.23 0.23 2.8 1.7 0.05332
53 64 10 48 8.1 2.7 1.3 2.21 0.43 0.0634
1.50E+03 140 140 130 130 6.5 6.5 5.3 5.3 0.2
130 96 16 75 17 3.61 0.32 2.61 0.86 0.116
430 198 32 182 23 9.07 0.5 6.0363 0.0012 0.193414
570 54 54 56 56 2.6 2.6 2.6 2.6 0.077
130 120.8 5.1 92.5 7 3.58 0.96 4.4 1.7 0.0632
95 81.6 7.5 65 15 3.27 0.32 0.8 1.3 0.043
63 93.4 5.3 81.1 3.2 3.6 1.1 4.03 0.87 0.057
26 81 13 65.8 1.8 2.63 0.046 1.64 0.43 0.0417
130 115 16 94 23 4.8 1.1 2.5 1.3 0.064
120 102 20 86.9 4.9 4.2 1.1 3.4 2.4 0.062
140 184 14 151 32 7.78 0.92 5.3 1.7 0.1414
240 244 33 196 26 8.51 0.99 6.64 0.51 0.185
4.90E+03 590 590 610 610 38 38 40 40 0.86
640 73 73 51 51 1.8 1.8 2.8 2.8 0.032
4.30E+03 510 510 550 550 33 33 39 39 1.1
120 77.2 5.6 60 19 2.89 0.69 2.35 0.43 0.062
72 88 12 64 19 3.04 0.79 3.41 0.87 0.076
2.20E+03 250 250 190 190 9.7 9.7 7.7 7.7 0.16
4.8 75.1 5.4 60.2 3.5 2.5 1.3 1.8 1.3 0.062
83 142.2 5.7 122.2 7.7 5.11 0.93 4.8 1.3 0.124
19 79.3 1.7 75 16 2.98 0.19 4.1 1.7 0.0766
56 67.6 7.6 54.4 2.6 2.19 0.74 1.44 0.29 0.037
110 65 13 53.81 0.34 2.82 0.33 2.29 0.43 0.0764
47 72 15 57.2 9.7 3 1.6 1.47 0.44 0.052
16 86.14 0.22 72.8 0.34 3.13 0.37 2.14458 0.00085 0.069
9.2 79.9 5.4 63.7 5.5 3.35 0.42 2.6 2.6 0.0606
35 80 15 64.5 7.7 2.62 0.37 2.8 1.3 0.064
140 82 17 69.8 7.9 2.98 0.71 1.7 1.3 0.075
92 146 23 119.1 4.9 5.3 1.1 5.1 3 0.136
120 72.7 8.5 58.4 3.2 2.26 0.19 1.2 0.43 0.063
100 73.7 9.4 57.4 3.7 2.06 0.42 3.01 0.49 0.048
12 74 10 52.8 4.9 2.19 0.71 1.71 0.84 0.062
150 319.2 1.9 263.1 5 12.56 0.38 8.54 0.42 0.242
340 329 37 285 51 13.64 0.14 11.7 1.7 0.33
180 448 51 426 39 21.3 2.8 22.2 7.5 0.575
510 414 21 387 40 20.1 1.8 11.5 3.8 0.43
250 436 65 433 73 22.7 1.6 19.7 1.2 0.6
300 459 16 494 81 28.1 2.3 25.6 2.1 0.757
780 89 89 80 80 3.4 3.4 4.1 4.1 0.1
3.20E+03 340 340 310 310 16 16 13 13 0.42
200 254 12 201 55 9.4 1.2 5.7 3.8 0.176
9.4 125 27 93.3 9 5.27 0.72 2.66 0.83 0.122
3.3 84.8 2.2 62.8 2.9 2.72 0.53 1.07 0.85 0.063
110 96 14 77 14 3.39 0.17 1.7 1.6 0.068
74 85.5 9.7 69.1 5.3 3 2 2.3 1.3 0.032
96 69.8 8.2 50.8 4.1 2.1 0.44 1.68 0.84 0.049
700 70 70 53 53 3.8 3.8 0.82 0.82 0.064
73 72.1 2.8 60 10 2.8 1.3 2.7 1.3 0.088
45 78 11 64.3 5.9 2.6 0.24 2.7 2.1 0.043























































2se Ho_ppm 2se Er_ppm 2se Tm_ppm 2se Yb_ppm 2se Lu_ppm
79 93.7 6.7 78 20 3.16 0.29 2.24 0.42 0.0834
690 89 89 61 61 2.6 2.6 3.3 3.3 0.069
53 76 8.4 58.5 4.3 2.73 0.68 2 2.5 0.043
48 77 15 58 10 2.44 0.59 3.28 0.84 0.068
190 78.8 9.2 60.7 9.4 2.57 0.83 2.03 0.84 0.07996
110 85.9 9.8 61.8 2.2 2.72 0.34 2.3 2.1 0.059
110 74 14 55 14 3.014 0.049 1.4 1.2 0.07
88 71.5 3.6 57 4.4 2.4 1.1 2.7 1.3 0.084
5.7 85.8 1.6 64.2 2.4 3.12 0.84 1.7 2.1 0.09
630 719 55 730 110 45.7 1.6 41.4 5.4 1.439
2.20E+03 270 270 290 290 14 14 14 14 0.49
1.10E+03 410 130 450 130 30.9 9.9 28 15 0.96
260 599 29 1105 49 121 8.4 354 21 13.54
270 652 36 1038 55 101 14 233 24 9.4
270 606 29 1042 74 120 12 289 29 11.1
380 624 38 964 66 106.1 7.7 256 19 10.7
350 647 35 947 48 78.1 7.5 198 17 6.08
350 727 50 1240 110 135.2 8 319 21 12.3
310 609 43 955 88 75.5 7 176 15 5.86
430 832 63 1307 66 120.8 9.5 262 22 8.83
440 773 51 1325 71 125.3 8.3 281 16 9.77
740 765 80 1240 120 110.2 7.8 217 26 7.58
380 767 37 1247 76 121 14 247 24 8.76
390 760 41 1105 52 100.4 6.9 203 14 7.74
390 757 43 966 83 72.1 5.4 129 13 3.95
470 754 58 967 56 67.6 8.1 95.8 5.8 3.21
390 344 32 393 48 30.6 4.6 44.2 9.7 1.32
360 415 37 553 49 42 5.1 89 10 2.79
320 323 22 319 28 20.9 3.8 32.8 3.8 0.99
240 277 21 285 23 19.2 3.1 25.5 2.1 0.77
410 477 39 531 61 42.2 5.9 65 15 1.89
440 501 61 650 110 44.5 9.3 76 17 2.57
270 509 31 606 42 50.8 3.9 71.2 5.9 2.03
390 388 25 380 23 23.4 7.4 34.3 8.1 0.77
240 319 22 309 16 21 2.7 31.9 3.7 0.79
230 308 24 325 27 19.8 2.2 32.2 2.9 0.96
290 333 21 315 29 18.4 2.2 26.7 3.5 0.9
230 344 29 383 35 26.6 4 34.9 4.1 1.01
390 591 44 816 88 59.4 6.7 113 12 3.73
260 303 22 306 28 19.3 2.3 28 5 0.9
280 776 45 1250 70 113 8.5 239 19 8.08
460 835 72 1130 110 86.6 8.3 156 13 4.56
790 510 110 680 170 46 13 79 24 2.36
440 495 27 405 35 19.1 2.3 26.5 3.2 0.4
450 626 33 825 35 51.6 4.9 93 8 2.87
400 745 42 1104 57 89.2 7.4 170 9.5 5.46
500 723 55 1035 85 87.4 7.5 162 15 5.45
570 960 97 1384 49 89.7 3.5 162 26 5.28
300 623 37 725 56 44.3 5.3 78.3 8.1 2.13
370 763 40 1108 50 81.8 7.4 159 12 4.96
400 609 40 790 54 51.3 4.9 90.2 7.9 2.85






























2se Ho_ppm 2se Er_ppm 2se Tm_ppm 2se Yb_ppm 2se Lu_ppm
340 754 46 1025 49 80.7 8.5 145 16 4.95
250 726 42 949 76 75.3 6.8 120 10 4
250 210 15 222 23 13 1.7 23.8 4.3 0.65
500 697 45 1027 79 81 10 155 19 4.72
320 652 46 869 59 64.8 7.2 116.8 9.3 3.74
460 753 33 1096 75 82 6.9 147 15 4.74
380 659 28 788 62 51.4 8.8 83.8 7.9 3.37
490 737 50 940 65 77 7.1 139 13 3.89
600 857 51 1143 73 94 10 166 12 5.01
400 181 44 218 78 17.7 9.8 32 13 1.08
510 928 67 1205 58 85.2 6.2 156 13 5.6
590 922 45 1297 67 93.1 9.2 180 24 4.85
350 508 30 702 41 56 12 108 11 4.21
220 554 26 570 38 37.5 3.9 54.7 5.1 1.52
480 803 50 1023 64 89 14 140 15 4.52
250 657 31 926 36 79.4 8.1 130 11 4.17
150 264 17 298 17 17.6 2.6 24 2.7 0.57
430 643 48 912 53 78.9 9.5 112.9 9.8 3.55
320 689 51 869 63 54.1 5.2 80 8 2.67
300 624 50 741 69 54.3 4.6 71 7.3 2.36
390 759 28 1063 83 87 13 148 16 5.68
300 600 33 887 56 68.8 5.2 96.7 8.2 3.23
83 70.9 6.5 75 10 7.8 2 10.9 2.8 0.22
48 37.8 4 38.4 4.3 2.31 0.79 4.3 1.6 0.111
140 122 12 119 11 8.6 1.7 14 2.5 0.39
150 114.7 9.3 104 11 5.4 1.4 10 1.9 0.293
160 107 12 98 14 5.6 1.1 9.2 1.9 0.298
167





















































: r  l t t  fr  it  it  ss i t  s  rr rs
2se 206Pb_ppm 2se 207Pb_ppm 2se 208Pb_ppm 2se Total HREE Gd/Yb
0.39 103 14 105 13 99 9.4 16259.29 98.74
0.35 123 17 96 17 96 12 17245.38 108.83
0.064 103 17 91 12 104 10 7948.33 2450.00
0.14 121 13 123 15 119 12 7199.37 891.04
0.099 140 23 145 15 111 15 7962.64 387.34
0.41 94 14 83 8.4 93 12 12616.04 112.69
0.27 116 20 109 14 119.6 8.9 8755.70 158.56
0.23 103 10 92 12 100 14 8876.19 339.90
0.04 104 13 90 12 129.2 7.9 7353.87 49769.23
0.2 101 17 86 12 98 12 12520.72 169.05
0.14 147 18 111 17 120.6 8.3 8768.35 343.55
0.025 115 20 93 13 118 12 6767.59 6395.60
0.1 102 25 89 17 106 18 6645.11 1417.50
0.36 82 17 64 7.2 83 9.3 10481.59 83.99
2.9E-07 111 18 120 10 129 14 7201.22 9169.23
0.34 97 13 81 11 84 11 13163.99 68.72
0.034 167 23 158 18 118 10 5856.19 7846.15
0.018 110 20 103.8 7.9 112 11 8097.50 3133.33
0.042 86 17 85 11 116 13 8088.60 4950.00
0.21 58 14 45.9 6.9 32.3 6 9665.42 78.11
0.41 52 17 37.8 7.8 51.9 5.7 10519.84 56.83
0.36 51 11 36.5 9 48.8 9.9 9720.13 62.60
0.17 62 11 45.7 9.7 68 9 14179.82 241.12
0.38 50 12 45.3 7.1 63.2 9.5 16274.99 136.48
0.43 70 12 75.6 7.8 76.8 8.9 12355.49 39.61
0.29 78 16 76.4 7.9 57.5 7.8 14556.92 91.10
0.54 84 15 79 12 76 10 11909.57 39.80
0.46 25 5.7 24.3 4.7 42.2 9.9 6755.91 50.31
0.25 57 18 38.7 8.2 61 13 11110.45 190.15
0.076 146 23 145 15 153 15 5402.94 922.92
0.49 65.3 9.1 59.1 9.9 104.5 9.3 11721.67 39.26
0.42 76 13 64.7 9.7 93.4 9.5 11423.51 40.27
0.61 56 11 79.2 9.9 104 13 11841.33 50.16
0.48 59 12 58 10 101 13 12427.93 73.85
0.34 52 12 30.5 8.5 83.3 9.8 13895.89 58.58
0.45 71 14 51.7 8.3 93 14 12652.46 47.39
0.25 85 14 60.6 6.5 103 13 9420.00 83.52
0.27 120 20 107 10 108 11 10200.10 129.61
0.39 82 17 75 12 78.1 8.3 11819.77 42.83
0.43 53 13 53.2 6 62.8 9.4 12712.04 58.22
0.15 141 19 120 11 113 12 8905.93 266.67
0.076 165 33 181 17 143 16 6324.90 783.08
0.54 57 12 53.5 9.3 111 10 12368.64 40.77
0.31 104 18 97 16 132 14 11569.49 171.37
0.066 160 25 176 17 145 14 8643.44 1985.29
0.13 181 32 148 13 132 21 8748.44 948.57
0.35 57 12 36.8 6 97 10 13531.84 64.77
0.42 59 11 29.7 7.3 92 11 14451.36 66.05
0.13 710 210 50 22 112 30 10761.66 620.18
0.067 1.20E+03 1.20E+03 53 53 110 110 6060.44 8596.49























































2se 206Pb_ppm 2se 207Pb_ppm 2se 208Pb_ppm 2se Total HREE Gd/Yb
0.00021 710 720 65 26 116 21 5060.18 1428.57
0.0049 980 900 58 17 120 10 4991.97 1778.28
0.2 1.20E+03 1.20E+03 48 48 160 160 7812.00 1018.87
0.084 1180 350 58 45 108 30 6430.34 1858.24
0.000084 850 900 55 21 109 49 9481.30 1093.39
0.077 110 110 72 72 79 79 5735.28 1769.23
0.005 1520 890 92 28 128 29 8233.34 1440.91
0.016 600 360 61 19 133 39 7659.71 7625.00
0.022 920 170 82 19 161 39 8031.19 1553.35
0.0051 1.40E+03 1.10E+03 69.4 7 144.7 9.4 7283.11 3518.29
0.011 1330 530 71 9.4 185 77 8774.36 2720.00
0.022 710 210 55 15 170 55 8079.56 1855.88
0.0049 1.30E+03 2.00E+03 85 26 164 47 10996.22 1528.30
0.048 1470 310 74 5.6 144 33 12384.34 1320.78
0.86 1.60E+03 1.60E+03 40 40 95 95 15848.86 217.50
0.032 1.60E+03 1.60E+03 68 68 68 68 7058.63 2000.00
1.1 1.60E+03 1.60E+03 53 53 120 120 15313.10 228.21
0.027 880 710 85 16 209 56 7672.50 2608.51
0.017 880 710 62 21 161 74 7869.53 1803.52
0.16 1.10E+03 1.10E+03 77 77 150 150 12857.56 1168.83
0.038 1500 180 71 2.4 149 18 7592.46 3372.22
0.033 1060 710 75 26 149 91 10367.43 1650.00
0.0055 1230 710 115 19 166.9026 0.008 8867.46 1734.15
0.018 1400 700 82 18 178 38 7228.67 4020.83
0.0055 1490 530 63 25 146.5 9 6706.60 2327.51
0.044 1753.847 0.029 80.5397 0.0036 169 36 6777.72 3656.46
0.044 1.40E+03 1.10E+03 92 37 204 36 8156.28 3054.21
0.0055 1.40E+03 1.10E+03 82 58 199 45 7764.61 2369.23
0.022 1310 180 94 11 180 63 7555.98 2157.14
0.061 2.10E+03 1.80E+03 57 35 157.3 8.7 8060.56 3770.59
0.017 1120 880 72.9 4.5 147.1 8.7 9578.84 1411.76
0.039 1640 530 74.6 2.3 150 18 7168.62 4700.00
0.036 1550 880 70 18 115 36 7756.22 2063.12
0.062 2080 350 99.3 2.4 160 26 7792.76 3625.73
0.04 1570 350 61.9 4.6 170 17 14819.64 1194.38
0.13 960 520 65 48 138.3 8.8 16772.67 1000.00
0.091 1.80E+03 1.20E+03 79 6.9 116 35 18794.08 554.05
0.2 1120 520 77 11 128 26 18621.03 1113.04
0.023 920.9 1.6 64 25 128 17 19250.00 649.75
0.074 820 170 58.9 2.3 128 35 19147.46 478.91
0.1 1.70E+03 1.70E+03 80 80 140 140 8026.60 1536.59
0.42 1.20E+03 1.20E+03 71 71 110 110 15979.42 846.15
0.064 1300 170 80 55 129 35 13810.28 1754.39
0.053 870 350 83 11 111.867 0.048 9065.95 2590.23
0.029 1130 870 77 50 142.3 8.6 8613.25 6504.67
0.034 1270 500 80 16 132 37 9108.16 4235.29
0.012 430 520 85 14 150 26 8104.93 2808.70
0.03 1381.143 0.037 78 20 152 51 7510.43 3571.43
0.064 2.10E+03 2.10E+03 64 64 84 84 7407.68 7195.12
0.024 1380 340 88 13 189 25 7348.69 2178.52
0.03 1290 170 81 2.4 188.8 8.4 7115.64 2107.41























































2se 206Pb_ppm 2se 207Pb_ppm 2se 208Pb_ppm 2se Total HREE Gd/Yb
0.0059 670 690 89.9 6.7 197.5 8.3 8249.18 2888.39
0.069 1.80E+03 1.80E+03 48 48 110 110 7845.97 1909.09
0.018 1440 340 63 12 154 49 7528.27 2990.00
0.042 2.10E+03 1.70E+03 54 18 134 24 7947.79 1960.37
0.00027 1050 510 65.2 4.7 137 97 8054.18 3177.34
0.024 1070 520 78.9 6.9 141 56 7795.78 2725.65
0.018 1010 690 63 31 92 40 7323.48 4142.86
0.012 900 1700 81 11 161 55 7170.68 2122.22
0.019 1460 510 51 43 132 47 8267.41 3882.35
0.086 1110 510 71 20 91 47 21237.54 289.37
0.49 1.20E+03 1.20E+03 63 63 140 140 11748.49 571.43
0.28 770 510 44 16 123.5 7.8 15429.86 346.43
0.93 61 10 53.4 5.5 83.2 6.5 16233.54 23.42
0.95 47.6 8.1 63 12 83.6 8.4 17667.40 39.31
1.3 63 11 56.9 9 83.2 9.2 16555.10 28.51
1.1 62 12 54 10 73 11 16920.80 33.59
0.61 62 16 51.3 7.7 86 13 17520.18 46.06
1.3 74 15 56.1 9.4 82 11 17818.50 26.61
0.82 56 12 61 10 79 15 15434.36 42.61
0.77 103 18 78 10 93 14 20308.63 35.92
0.92 84 11 59.6 9 90 13 19203.07 31.60
0.99 109 18 73 11 90 12 21399.78 48.20
0.79 119 19 85 10 100 13 18962.76 35.75
0.63 94 20 86.3 9.4 87.3 7.7 19396.14 47.14
0.37 64 13 46.5 7.6 84.1 9.8 19279.05 76.12
0.31 66 15 45.7 7.5 86.1 7.7 19964.61 103.24
0.36 103 17 90 15 125.2 9.4 14644.12 203.62
0.46 126 22 92 13 129 17 15305.79 98.20
0.12 105 12 104 15 139 17 14361.69 269.51
0.17 99 22 93 13 110 16 12297.47 299.61
0.3 133 23 88 13 113 12 18189.09 166.15
0.71 87 18 96 11 112 11 17528.07 134.47
0.22 92 16 71 13 100 11 16109.03 129.49
0.25 132 24 123 28 160 20 15654.47 286.01
0.17 117 17 94 10 127 16 13599.69 271.79
0.24 121 18 97 18 123 13 13347.96 265.53
0.16 90 13 97 10 119 11 14591.00 346.07
0.17 100 18 99 12 117 14 15357.51 275.64
0.56 92 17 84.5 8.7 125 10 18726.13 94.69
0.23 110 13 87 13 118 15 12922.20 293.93
0.73 86 16 76.7 9.8 96 12 18815.08 39.33
0.43 73 13 46.2 6.6 98 13 19879.16 63.78
0.74 81 17 68 12 114 11 16007.36 110.89
0.12 108 16 114 16 127 16 21666.00 498.11
0.27 82 15 60.7 6.3 119 11 18975.47 112.80
0.45 89 12 58 8.8 138 14 18974.66 54.76
0.39 62 12 60 11 143 17 19147.85 60.49
0.72 98 31 65 21 122 17 25810.98 85.19
0.36 85 16 61 11 143 16 18755.73 131.29
0.48 84 14 59 12 122 14 20558.76 65.35
0.37 100 16 87 12 141 14 21022.35 130.38






























2se 206Pb_ppm 2se 207Pb_ppm 2se 208Pb_ppm 2se Total HREE Gd/Yb
0.56 92 16 60 10 139 12 19319.65 68.14
0.54 79 19 45 11 117 20 19723.30 82.67
0.17 87 15 107 11 143 16 13758.45 404.62
0.58 44 18 34.3 4.4 146 27 17313.72 54.97
0.52 81 14 45 10 127 14 17318.34 80.22
0.55 64 16 54.7 9 139 15 19344.74 67.01
0.84 56 14 48 13 121 12 18884.57 123.51
0.39 66 11 54.9 6.2 137 18 18893.89 70.14
0.33 94 19 75 11 101 11 24228.01 72.47
0.37 191 33 194 39 78 30 5323.78 89.06
0.54 94 13 70 12 116 12 24579.80 79.68
0.31 114 38 72 16 102 17 26488.95 75.22
0.59 96 25 48 20 69 19 12680.21 57.50
0.22 93 20 67 9.2 137 17 18390.72 192.14
0.43 94 23 79 16 132 19 22155.52 84.21
0.52 70 19 53.9 8 131 16 16673.57 65.08
0.11 119 18 79 11 155 18 13053.17 359.58
0.49 41 13 51.2 6.5 121 18 15559.35 68.29
0.35 85 16 59.5 9.5 132 16 19171.77 124.38
0.41 72 12 47.8 6.8 117 15 17142.66 129.44
0.67 58 16 47 12 131 25 19082.68 64.32
0.34 93 13 77 12 135 18 17781.73 99.69
0.15 60 13 52.2 9.6 81 12 5338.82 365.14
0.082 45.3 8.6 48.1 5.9 66 8.7 4592.92 839.53
0.13 44.2 7.8 35.8 4.1 40.2 6.1 8453.99 427.86
0.095 44.3 6.6 30.5 5.8 63.1 5.8 8503.39 592.00
0.083 66.5 8.1 39.2 4.8 65.8 8.6 7638.10 579.35
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